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SUMMARY 
GROWTH AND SURVIVAL OF Penaeus monodon (Fab. ) LARVAE AND 
POSTLARVAE ON NATURAL AND ARTIFICIAL DIETS. 
Larval development of Penaeus monodon from protozoea (PZ1) 
to postlarval stages is described on natural and commercially 
available artificial larval diets under controlled laboratory 
feed trials. 
Five species of live microalgae (Tetraselmis chuii, 
Chaetoceros calcitrans, Skeletonema costatum, Rhodomonas 
baltica and Pavlova lutheri) were evaluated in feed trials at 
seven (5-60 cells gl1) cell concentrations with protozoeal 
larval stages. Performance of five animal diets (rotifers, 
Mytilus eggs, Artemia nauplii, barnacle nauplii and crab eggs) 
were examined in feed trials from Mysis (Ml) to postlarvae 
(PL1). Best results for protozoeal stages were obtained on a 
combination diet T. chuii + R. baltica at 40 cells µl-', while 
results from mysis to postlarvae were best achieved on Artemia 
nauplii. Natural feeds are expensive, difficult to maintain in 
mass culture and often vary in nutritional value. 
Larval performance on ten leading brands of artificial 
larval diet marketed using different process technologies were 
evaluated in replicated feed trials, together with factors 
causing variability in larval growth and survival of 
P. monodon. It was found that nutrient leach loss from 
unstable artificial feeds in culture conditions increases 
levels of ammonia and nitrite beyond safe limits. Live 
microalgal species at 1000 cells µl1 added to culture water 
reduces these toxic levels. The role of microalgae in larval 
culture is also examined. 
To further improve larval growth and survival on 
artificial diets, proteins from different sources, lipid, 
vitamin and mineral levels were incorporated in 
microencapsulated feeds. As a result improvement in larval 
development to postlarval stage was achieved with feeds 
containing 60% soya + mussel protein, 5% lipid and 13.9% 
vitamin and mineral mix. Algal homogenates supplemented to 
encapsulated feeds produced larval growth and survival 
comparable to live feed controls. 
P. monodon larvae were grown to the juvenile prawn stage 
solely on Frippak feeds. Larval growth was comparable to 
growth achieved on live feed controls. 
This study forms a basis for further investigations into 
nutritional requirements of penaeid prawns. 
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GENERAL INTRODUCTION 
1 
INTRODUCTION 
An intensification of the effort devoted to prawn farming 
worldwide produced 565,000 metric tons (live weight) in 1989, 
which was 26% of the total prawns harvested from the world 
oceans (2.2 million metric tons). These farm cultured prawns 
fetched 6 billion dollars at retail prices (Rosenberry, 1988; 
1989). Whilst the demand for fish and shellfish continues to 
grow at a rapid rate, predicted by FAO to be 130 million metric 
tons by early next century, the traditional fishery resources 
from the world oceans fast approach the predicted maximum 
sustainable yield levels of 90 million metric tons (FAO 1982), 
any further exploitation of these resources by using modern 
fishery techniques would merely accelerate further depletion 
resulting in decreased commercial yields. Hence aquaculture is 
perhaps the only way to redress the imbalance between supply 
and demand. Although aquaculture will by no means replace 
traditional fisheries, it provides a means to augment natural 
productivity. 
Prawn culture in recent years has evolved into a new 
industry and has attracted considerable interest worldwide . 
Currently there are in over forty countries 31,000 prawn farms, 
these are supported by 3,500 hatcheries and 765,000 hectares of 
pond production (Rosenberry, 1988). Production is centred 
around South and Central America and Asia, with Ecuador as the 
major producer (70,000 metric tons) in the former region, and 
Taiwan, China, Indonesia, Philippines, India and Thailand as 
the main Asian contributors (300,000 metric tons, Rosenberry, 
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1988). Since prawns fetch high prices in the world 
(U. S. $10. kg-1) there is often a strong desire in many 
developing countries to rapidly develop ponds and cultivate 
prawns in captivity. Often initially profitable ventures 
become economically marginal due to lack of scientific 
knowledge. The success of prawn farming depends on the 
availability of essential inputs such as viable seed stocks, 
nutritionally balanced and readily available diet and proper 
management. 
Prawn farms essentially require dependable post larval 
stocks either from the wild or from prawn hatcheries. 
Availability of penaeid prawn larvae for stocking in growout 
ponds from natural breeding grounds in the creeks is seasonal. 
Juveniles collected from the breeding grounds are often mixed 
with many unwanted pests and separating the desired species of 
penaeids from each other becomes a cumbersome and time 
consuming task. Further, the supply of post larvae from the 
wild can be extremely unpredictable, depending on environmental 
factors (Jones, 1988). On the other hand hatchery produced 
seed stock are selective and can be made available on 
year-round basis in substantial quantities for extensive, 
semi-intensive or intensive prawn farming. To keep pace with 
the demand for seed prawn hatchery construction has increased 
dramatically since 1975 with the result that there are now 
estimated to be some 1500 hatcheries in Taiwan, 1000 in 
Thailand, 400 in the Philippines, 300 in China, a 100 in 
Ecuador and 90 in Indonesia (Rosenberry, 1988). Production of 
post larvae in Ecuador alone produced 3-4 billion post larvae 
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in 1987 which ultimately produced 70,000 metric tons of 
marketable prawns (Rosenberry, 1988). Despite this larval 
production level Ecuador still cannot supply prawn farm post 
larvae requirements from hatcheries, and continues to depend 
upon wild seed for stocking of prawn farms (Wickins, 1986; 
Sandifer, 1988). In a number of countries in South-east Asia, 
Central and South America hatchery capacity is being increased 
to augment shortage of post larvae (Wickins., 1986). The full 
production potential of hatcheries depends not only on larval 
survival and nutrition, but also on disease and water quality. 
The lack of essential nutrients can result in specific 
deficiency diseases as well as general mortality and 
retardation of growth (Kanazawa et al., 1982). Larval 
nutrition is therefore one of the most important factors 
affecting larval development of penaeid prawns (Yufera et al., 
1984). 
Various aspects of the dietary requirements of penaeid 
species have been studied. New (1976,1980) presented an 
extensive bibliography of research directed towards 
understanding the basic nutritional requirements of penaeids. 
Much of the work reviewed is concerned with defining 
nutritional requirements with the aim of preparing a formulated 
feed high in nutritional value but at a relatively low cost. 
Many of the dietary requirements for adult penaeids are known 
(Kanazawa et al., 1970,1971; Kitabayashi et al., 1971; 
Deshimaru and Shigueno, 1972; Kittaka, 1976; Forster, 1976; 
Wickins, 1982). The influence of dietary protein and energy 
levels on growth of penaeid prawns have been studied by Andrew 
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et al., 1972; Sedgwick, 1979; Teshima et al., 1986; and the 
utilization of carbohydrates by penaeids in the form of 
polysaccharides by Sick and Andrews 1973; Alva and Pascul 1987. 
Fisher (1960) reviewed requirements of trace elements, vitamins 
and minerals of crustaceans. By supplementing vitamins and 
minerals in the diet of P. merge ns¬s Sedgwick (1980) showed 
improvement in the growth rates of the prawn. Despite the 
recent advances in understanding adult and juvenile prawn 
nutrition, much less emphasis has been given to determining 
specific metabolic requirements essential for penaeid larval 
growth. This has been limited to a few studies on lipid 
biosynthesis (Jones et al., 1976,1979b, Kanazawa et al., 
1985), energy budgets (Emmerson, 1980,1984; Yufera et al., 
1984; Kurmaly et al., 1989b) and digestive enzyme (MacDonald et 
al., 1989). 
Currently, most prawn hatcheries rely on live foods such 
as microalgae (diatoms, flagellates), rotifers, Artemia and 
other planktonic crustaceans as feed sources (Bardach et al., 
1972; Liao, 1983; Langdon et al., 1985). Acquisition and 
culture of live food on a commercial scale is frequently 
difficult to control, both seasonally and regionally, and 
costly in terms of space and manpower utilization. Also out 
door algal cultures, which are conventionally used in 
hatcheries, rapidly lead to collapse of the culture or are 
taken over by other species better adapted to prevailing 
outdoor conditions (James et al., 1988). This has often been 
considered to be the most serious impediment to the development 
of commercial aquaculture to its fullest potential (Bardach et 
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al., 1972; Kanazawa et al., 1977a; Scott and Middleton, 1979; 
Langdon and Waldock, 1981; Watanabe et al., 1983; Scura, 1984; 
Lei and Su, 1985). Algal monoculture for penaeid planktonic, 
suspension feeding larval stages are often difficult (Liao 
1983), expensive to maintain (Helm and Laing, 1981; Fox, 1983) 
and unreliable in supply and nutritional value (Persoone and 
Claus, 1980; Langdon et al., 1985; McConaugha, 1985). 
The penaeid larva changes from a herbivorous to an 
omnivorous mode of feeding during metamorphosis. Although 
several species of small motile animals could serve as food for 
penaeid larval stages (Watanabe et al., 1983; McConaugha, 1985) 
Artemia nauplii and the rotifer Brachionus are the only prey 
organisms available commercially for late protozoea, early 
mysis and post larval stages (Hudinaga and Kittaka, 1967; Cook 
and Murphy, 1969; Shigueno, 1975; Lumare et al., 1978; Liao et 
al., 1983; Sorgeloos et al., 1983; Yufera et al., 1984). Use 
of rotifers is restricted in hatcheries due to difficulties in 
mass culture (Schluter et al., 1987; Snell et al., 1987). 
Art emi a are expensive (U. S. $ 70 Kg-1) and there is 
concern over availability and nutritional variability between 
strains (Wickins, 1972; Watanabe et al., 1980,1983; 
McConaugha, 1985; Leger et al., 1985,1986), however they are 
preferred over other prey organisms as Artemia cysts constitute 
the most practical food (Sorgeloos, 1980). Introduction of 
live feeds also provides a source of pollution (Bookhout and 
Costlow, 1970; Mock et al., 1980a) and of parasitic invasion in 
the culture system (Spotte, 1971). Contaminated Artemia cysts 
can also introduce pathogens into the hatchery (Scura et al., 
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1984). Accumulation of ammonia and nitrites excreted by prawn 
and live crustacean prey organisms in prawn hatcheries also 
have detrimental effects on larvae, juvenile and adult prawns 
in closed culture systems (Wickins, 1976; Mevel and Chamroux, 
1981; Chen et al., 1986; Chen and chin, 1988; Jones et al., 
1989). Therefore, exclusive use of live foods in a prawn 
hatchery and growout nursery ponds is not always desirable. 
In order to obtain predictable production of high quality 
hatchery reared penaeid post larvae, feeding regimes must be 
improved (Wilkenfeld et al., 1981; Quinitio et al., 1983; Kuban 
et al., 1985). Hence pressure to develop artificially produced 
diets to replace cultured live food organisms has intensified 
in the recent years, to alleviate many of the problems 
currently limiting hatchery production. These inert feeds 
should be readily acceptable (Moller et al., 1979; Ache, 1983), 
neutrally buoyant (Meyers, 1971) right size range (Jones et 
al., 1974; Clark et al., 1986), water stable (Jones et al., 
1979b). Their use will simplify hatchery design and capital 
cost requirement, thereby facilitating small scale hatchery 
development. 
Various types of natural products and artificial 
particulates have also been used for larval rearing (table 1). 
Natural products are processed or prepared either by spray 
drying or freeze drying microalgae, yeast and shellfish 
crumbles (Sick and Beaty, 1975; Murai and Andrews, 1978; Mock 
et al., 1980b) but have had limited success in hatcheries due 
to cell lysis with subsequent bacterial fouling of larvae 
culture medium. Teshima and Kanazawa (1983) report that 
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P. japonicas larvae grow better on freeze-dried microgel food 
particles which were prepared simply by mixing dietary 
ingredient together with a gelling agent to encapsulate organic 
solvent e. g. calcium alginate, carageenan, Zein or agar 
( Kanazawa et al., 1982; Teshima et al., 1983.; Langdon, 1983; 
Levine et al., 1983; Langdon et al., 1985). However these 
diets have poor water stability (Adron et al., 1974; Jones et 
al., 1979a) and accelerate culture collapse due to the high 
feeding densities required by filter feeders (Gatesoupe et al., 
1977; Goldblatt et al., 1980). 
Recognizing the importance of inert larval feeds in the 
development of aquaculture Jones et al., (1974) adapted and 
developed the microencapsulation techniques introduced by Chang 
et al., (1966) to produce nylon-protein microcapsules 
containing haemoglobin as artificial red blood cells. Jones et 
al., (1974) used nylon-protein microcapsules to deliver 
nutrients to aquatic filter feeders, and to study the 
nutritional requirement of crustaceans larvae. Jones et al., 
(1979a, 1979b) studied the nutritional requirement of 
P. japonicus larvae through metamorphosis using a 
microencapsulated diet. Microcapsules have since been used by 
numerous workers to study ingestion growth and survival amongst 
larval forms. 
Attempts to culture a wide range of other crustacean 
larvae on nylon-protein encapsulated artificial diets have been 
less successful (Sasaki, 1981; Teshima et al., 1981,1982). 
One of the problems in feeding larvae on these artificial diets 
was poor digestibility of the capsule wall. In addition 
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capsules tended to aggregate, and the permeable capsule allowed 
rapid nutrient leach into culture water which accelerated 
bacterial fouling of larval culture (Jones et al., 1976; Jones 
et al., 1979a; Langdon, 1980). Nylon-protein microcapsules 
were also shown to contain traces of toxic detergent (Tween 20) 
used to separate capsules from organic phase, which interfered 
with larval feeding behaviour (Moller et al., 1979). 
Jones et al. (1984) modified the nylon-protein 
encapsulation method so as to eliminate the need for toxic 
chemicals in the preparation of microcapsule by using a 
stronger acid chloride and eliminating nylon and Tween 20 
(British Patent nos. 79437454 and 2103568). This method 
produces protein-walled microcapsules which protect the diet 
from dissolution and resist bacterial contamination. The 
cross-linked protein microcapsule is available commercially in 
dehydrated form with a range of different capsule diameters 
(2.5 µ- 250 µ) and can be rehydrated for use as larval feeds. 
Jones et al, (1987) demonstrated complete replacement of all 
live foods in commercial hatcheries for P. vannamei 
P. stylirostris and P. monodon larvae. Microencapsulation has 
now become an acceptable tool in the' study of nutritional 
requirement for crustacean larvae (Jones et al., 1979b; 
Sakamoto et al., 1982; Levine and Sulkin, 1984), bivalves 
(Langdon and Waldock, 1981; Chu et al., 1982), and larval and 
post larval fish (Gatesoupe et al., 1977; Jones et al., 1984). 
Section one of the present study evaluates growth and 
survival of P. monodon larvae on different algal species and 
optimum algal cell concentrations which are required for larval 
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development. Microalgal species which support good larval 
growth in feed trials were ranked accordingly. Zooplankton 
species have also been evaluated in larval feed trials from 
mysis (Ml) to post larvae (PL1) stages. Based on larval 
survival and growth achieved on each of the feeds, 
zooplankton species as prey organisms have also been ranked. 
Section two examines a wide range of artificially produced 
diets currently available as substitutes for live feeds. These 
diets were evaluated to assess factors relating to culture 
performance using P. monodon larvae under controlled culture 
conditions, either as total replacement to live feeds, or with 
live microalgae at 10 cells µl-1 as a cofeed. To determine 
factors affecting performance, diet composition, nutrient leach 
loss, toxicant production, particle feed stability, bacterial 
production in culture water environment and feed efficiency of 
artificial diets were examined. Better larval growth and 
survival achieved by inclusion of live algae as supplemental 
cofeed with artificial diets prompted the work reported in the 
next section. 
Section three looks at the role of algae in the culture 
medium, and examines the relationship between the addition of 
artificial larval feeds and the production of ammonia and 
nitrite in P. monodon culture, and their control by algae 
acting as a biofilter. Microalgae was also 'caged' in culture 
medium in a simple experiment to determine whether secreted 
algal metabolic products act as chemoattractants for larval 
stages of P. monodon. 
Section four evaluated performance of microencapsulated 
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feeds, produced by different sources and levels of proteins, 
lipids, vitamins and trace metals. Comparatively better larval 
growth and survival were achieved in feed trials, however 
larval development was less than that achieved on live algal 
controls. Inclusion of homogenised algae added to 
microcapsules in larval feed trials gave significantly better 
larval growth and survival which were comparable to live feed 
controls. 
Section five evaluates growth and survival of nursery 
stage prawns on commercially available artificial diets and 
flakes. In feed trial P. monodon larvae were also reared 
through metamorphosis from protozoea (PZ1) to juveniles on the 
same artificial diet. 
The aim of this thesis is to evaluate live feeds and a 
wide range of artificially produced diets, currently available 
using different process technologies, to act as substitutes for 
live feeds used in prawn culture. Each process type was 
evaluated to assess factors relating to culture performance in 
larval feed trials. Since microalgae used as supplemental food 
gave better performance in feed trials, the role of microalgae 
in larviculture was examined. The aim of this study was also 
to compare P. monodon larval development on a series of 
nutritionally improved microencapsulated feeds as total 
replacements and with supplements of growth promoting substance 
taken from live feeds. Further, crustacean algal replacement 
(CAR) diet were used in the absence of all live conventional 
feeds to rear P. monodon larvae through metamorphosis from 
protozoea to juvenile prawn on a single artificial diet. 
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Table 1: Artificial and processed natural diets used to culture mollusc and 
crustacean filter feeding larvae 
i. Uncoated artificial diets 
Species Type of diet Result Reference 
Mollusca. 
Crassostrea Microgel 75% growth of Langdon & 
virginica particles algal fed Siegfried (1984) 
controls 
C. virginica Microgel 52% growth of Langdon & 
particles algal fed Bolton (1984) 
controls 
Crustacea. 
Mac robrachium Freeze dried 11% survival to Sick & Beaty 
rosenbergii catfish metamorphosis (1975) 
M. rosenbergii Freeze dried 2% survival to Murai & 
crumbles of metamorphosis Andrews (1978) 
oyster and 
trout feed 
Palaemonetes Freeze dried 26.7% survival to Sandifer & 
pugio squid post larval stage Williams (1980) 
P. vulgaris Freeze dried 13.3% survival to Sandifer & 
plankton post larval Williams (1980) 
(euphausiid) stage 
particles 
Penaeus Freeze dried 45% survival to Brown (1972) 
aztecus and frozen mysis 1 stage 
diatoms 
P. japonicus Soyabean cake Poor growth and Hirata et al., 
crumble survival (1975) 
P. japonicus Microgel: diet B 67% survival to Jones et al., 
(Kanazawa et al., post larvae (1979a) 
1977) 
P. japonicus Microgel: diet B 94% survival to Kanazawa et al., 
post larvae (1982) 
P. setiferus Frozen 80% survival to Mock et al., 
skeletonema post larvae (1980a) 
costatum and 
Artemia 
Eurypanopeus Microgel: calcium 50% survival to Levine et al., 
depressus alginate rotifers megalopa (1983) 
and Artemia 
ii. Coated artificial diets 
Mo1lusca. 
Crassostrea Nylon-protein, Promoted growth Gabbott et al., 
gigas glycopeptide, in spat (1975) 
microcapsule 
C. gigas Gelatin-acacia Exhibited Langdon & 
microcapsules enhanced spat Waldock 
growth (1981) 
C. virginica Gelatin-acacia 25% survival Chu et a l., 
and lipid walled after 25 days (1987) 
microcapsules 
Crustacea. 
Ar temia Cross-linked 25% survived Jones et al., 
nylon-protein after 10 days (1974) 
microcapsules 
Ar temia Nylon cross- 34.9% survival Sakamoto et al., 
linked protein- to adult (1982) 
wall microcapsule 
M. rosenbergii Nylon-protein Larvae survived Jones et al., 
microcapsules to 4th stage of (1975) 
development 
P. merguiensis Nylon-protein Survival to Jones et al., 
microcapsules mysis 1 (1975) 
P. japonicus Nylon-protein 50% survival Jones et al., 
microcapsules to post larval (1979a) 
stage 
P. japonicus Nylon-protein 78% survival to Kanazawa et al., 
microcapsules post larval stage (1982) 
P. japonicus microparticulate 36% survival Teshima & 
diet with to PL1 Kanazawa (1983) 
carageenan binder 
P. monodon Micro- 47% survival Jones et al., 
encapsulated to PL7 (1987) 
diet 
P. monodon Micro- Survival to post Kurmaly et al., 
encapsulated larvae ranged (1989a) 
diet plus algae from 58 to 69% 
P. vannamei 70% X-linked 81% survival to Jones et al., 
protein micro- PL5 stage (1987) 
encapsulated diet 
P. stylirostris Micro- 65% survival to Jones et al., 
encapsulated diet PL5 (1987) 
Eurypan©peus 
depressus 
Portunus 
trituberculatus 
Nylon-protein 
microcapsules 
Nylon-protein 
microcapsules 
plus rotifers 
83! survival to 
magalopa 
16.1% survival 
to juvenile 
crabs 
Levine et al., 
(1983) 
Kanazawa et al., 
(1983) 
SECTION 1 
Growth and survival of Penaeus monodon 
larval stages on live foods 
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INTRODUCTION 
Currently, most prawn hatcheries are dependent upon live 
foods (Liao, 1984; Langdon et al., 1985) such as microalgae 
(diatoms, phytoflagellates), rotifer, Artemia and a variety of 
other small zooplankton as food sources for P. monodon larval 
stages which change during development from a herbivorous to an 
omnivorous mode of feeding. Algae are provided at the outset 
of the protozoeal stage, and zooplankton added usually at the 
beginning of the first mysis substage (Hudinaga and Kittaka, 
1967; Cook and Murphy, 1969; Liao, 1984). Natural live feeds 
are generally considered to be nutritionally superior to inert 
diets (Depauw, 1988). It is not widely recognised, however, 
that many live feeds give inferior growth and survival. 
Certain species of algae are better than the others (Scott and 
Middleton, 1979), similarly, some live or frozen prey organisms 
used for mysis larval stages may not support growth and 
development to postlarval stages (Simpson et al., 1983). 
There is therefore a continuous need to evaluate algal 
species and select those which promote rapid growth and high 
survival when fed to prawn larvae. To be acceptable as a food 
source algae must possess an acceptable size range, be 
non-toxic, have adequate nutrition and possess a digestible 
cell wall (Web and Chu, 1982). Several species of algae have 
been used successfully as food in the culture of penaeid 
protozoea (Simon, 1978). The centric diatoms Skeletonema 
costatum (Greville) and Chaetoceros sp. have been used 
extensively (Hudinaga, 1942; Hudinaga and Kittaka, 1967; Cook 
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and Murphy, 1969; Mock and Murphy, 1971; Liao and Huang, 1972; 
Mock et al., 1980a; Simon, 1981; Tobias-Quinito and Villegas, 
1982; Kuban et al., 1985), together with Thalassiosira sp. 
(Cook and Murphy, 1966; Thomas et al., 1976; Emmerson, 1980). 
Amongst the flagellates, Isochrysis sp. (Bardach et al., 1972; 
Wilkenfeld et al., 1981; Kuban et al., 1983) and Tetraselmis 
sp. (Hudinaga, 1942; Mock et al., 1980b; Tobias-Quinito and 
Villegas, 1982) have also been successfully used to culture 
penaeid larvae. 
Although zooplankter such as rotifers, Brachionus 
plicatilis (Müller) and brine shrimp Artemia salina (L. ) have 
been widely employed as a food source for protozoea and mysis 
stage (Hudinaga and Kittaka 1967; Cook and Murphy, 1969; Liao, 
1984; Yufera et al., 1984; Hirata et al., 1985; Chu and Shing 
1986; Samocha et al., 1989), there are disadvantages in their 
use. Artemia has been shown to be inconsistent in hatchability 
(Bookhout and Costlow, 1970), vary in nutritional quality 
(Wickins, 1972) and may be expensive (U. S. $ 15-30 per 454g of 
cysts). Several other species of zooplankters have been used 
as food for larval stages of penaeids (Simpson et al., 1983; 
McConaugha, 1985; Beidenbach et al., 1989). As partial or 
complete replacement for Artemia nauplii. 
The purpose of the present study was to identify potential 
natural diets and evaluate their performance on growth and 
survival of P. monodon larvae from protozoea stage (PZ1) to 
protozoea stage III (PZ3) using five species of unicellular 
algae (diatoms, phytoflagellates) selected on the basis of cell 
size, digestibility and nutritional quality. Some species, 
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either individually or in combination have not previously been 
fed to P. monodon larvae. Each algal species was evaluated at 
a range of feeding concentrations under controlled laboratory 
feed trials to determine minimum and maximum cell densities 
required for optimum larval growth and survival. The best 
algae were identified and ranked according to the growth and 
survival performance of larvae at protozoea III (PZ3)/ mysis 
substages. 
Alternative zooplankton sources both live and frozen were 
also evaluated in terms of larval growth and survival from 
mysis I substage to postlarval (PL1) stages of development. 
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MATERIALS AND METHODS 
MICROALGAL FEEDS 
Live monospecific cultures of five phytoplankton species 
(Tetraselmis chuii [Butcher], Chaetoceros calcitrans [Paulsen], 
Skeletonema costatum [Greville], Rhodomonas baltica [Karsten], 
Pavlova lutheri [Droop] ) were fed to P. monodon larvae from 
protozoea to mysis substage at cell densities ranging from 
5 cµl-1,10 cgl-1,20 cgl-1,30 cµl-1,40 cµl-1,50 cgl-1 and 
60 cgl-1, (table 1) to determine feeding levels which promote 
optimal growth and survival. 
At the School of Ocean Sciences algal cultures were 
maintained in the exponential growth phase for larval feeding. 
Conway medium (Walne, 1966) is the source of nutrient for the 
algal cultures. Algal cell densities were estimated at the 
time of harvesting prior to feeding the larvae by Coulter 
Counter model ZB with an orifice of 100 µ and haemocytometer, 
cell densities from each subsample were counted five times for 
accuracy. Algal feeding rates were determined by : 
Vol. of Vol. of B (mis) x Conc. algae req'd in B (cal-') A required = 
_1 (mis) Conc. of algae in A (cµ1 ) 
where A= algal culture 
B= larval culture 
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ZOOPLANKTON FEEDS 
Five animal food sources, both live (freshly hatched 
Artemia salina (L) nauplii, live barnacle larvae Elminius 
modestus Darwin, live rotifers Brachionus plicatilis [Müller] 
), and frozen (fertilized eggs of mussels Mytilus edulis 
[Linnaeus] and undeveloped frozen eggs of crab, Hyas araneus 
[L. ] ) were fed to P. monodon larvae to determine the optimum 
zooplankton food source required for rapid growth and high 
survival from mysis (M1) to post larvae (PL1). Food 
concentration levels are listed in table 2. 
Artemia (Instar 1 San Francisco Bay Brand) were hatched in 
U/V-sterilized sea water at a salinity of 32%o and water 
temperature of 28°C. Non-feeding Artemia nauplii were 
concentrated to a light source, three nauplii counts were made 
to assess the number of Artemia nauplii prior to feeding. 
Specimens of the barnacle E. modestus containing ripe egg 
masses within the mantle cavity were removed from the wooden 
piles of the Menai Bridge pier, placed in a bucket filled with 
seawater, broken up and stirred vigorously to release hatching 
substance (Crisp, 1956; Crisp and Spencer, 1958) to promote 
hatching of the ripe eggs. First stage nauplii were collected 
at the illuminated surface of the bucket and transferred by 
pipette to a beaker containing, irradiated (U. V. ) and filtered 
seawater. Stage 1 nauplii were non-feeding and extremely 
active. Fertilized eggs of Mytilus edulis were obtained in the 
laboratory by induced spawning (Bayne, 1976) and frozen. Adult 
rotifers, B. plicatilis were obtained from continuous cultures 
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maintained in the laboratory on algal feeds. Berried females 
of Hyas araneus captured from the wild were frozen. Frozen 
eggs from both the crab and mussels were thawed prior to 
feeding. P. monodon larvae were previously fed on Tetraselmis 
chuii and Rhodomonas baltica in a ratio of 1: 1 at 20 cµl-1 each 
from PZ1 to PZ3 larval stages. 
FEED TRIAL PROCEDURE 
Non-feeding stages of P. monodon nauplii (N4 - N6) 
subsisting entirely on their egg yolk, were flown in from 
Frippak Research Centre, Aberdeen, enclosed in styrofoam 
packing material. The larvae were acclimatised to the 
laboratory culture temperature and stocked in 10 litre round 
bottom glass containers at 100 1-1 in well aerated sea water 
maintained at a temperature of 28 ± 1°C and 32%, salinity. At 
the protozoeal (PZ1) stage, characterised by dark eye spots, a 
well-rounded carapace, developing abdominal region and 
elongated antennae and caudal spine, the larvae were stocked in 
feed trial experiments. 
Healthy PZ1 were concentrated by a portable light source 
(6 volts) and stocked in 2-litre round bottom flasks using 
U. V. -sterilised sea water filtered through 0.2 4m filters. The 
salinity of the culture water was 32%, and was maintained at 
28 ± 1°C. Gentle aeration was supplied through a glass tubing 
at the bottom of the flask, at a rate of 2-3 air bubbles 
sec-1, which not only provided the culture water with oxygen 
but also ensured uniform distribution of larvae and food. 
18 
Prior to feeding 50% of the culture water was exchanged daily 
to renew water quality (McVey and Fox, 1983). Algal feed 
trials were terminated when larvae metamorphosed to PZ3/mysis 
(Ml) stage. A similar procedure was employed when animal feeds 
were evaluated from mysis (Ml) larval stage to post larvae 
(PL1) . 
Both algal and animal feed trials were replicated and 
larval growth and percentage survival were monitored every 
other day for diet performance. Growth measurements were taken 
as body lengths of ten randomly sampled larvae per flask, which 
were recorded from the base of the rostrum spine to the end of 
telson excluding caudal spines (Motoh, 1979). Individual 
larvae were measured carefully under a binocular microscope 
with a calibrated ocular micrometer and returned to the 
experimental flask as soon as possible as delays in measurement 
and rough handling caused stress to the larvae. To estimate 
percentage larval survival, individual counts of larvae per 
flask was taken. To facilitate counting, larvae together with 
their culture water were gently poured on to a glass trough and 
placed on top of a light box with frosted glass. Individual 
larvae were picked up and counted using a soft plastic pipette 
then returned to the experimental flask. 
Statistical analysis for algal feeds was performed using 
2-way ANOVA between algal species, cell densities, larval 
growth and survival, together with 1-way ANOVA to determine any 
significant difference on larval growth and survival when algal 
species were fed at 40 cµl-1,50 cµl-1 and 60 cµl-1.1-way 
ANOVA was also performed to evaluate differences between the 
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various animal feeds offered. This was followed by 
Bartletts-Box test (Sokal and Rohlf, 1981) for homogenity of 
variance. Tukeys/Scheffe's multiple pairwise comparison were 
done to determine where the differences were at (P = 0.05) 
level of significance. All statistical analyses were performed 
using SPSSX statistical package on the VAX mainframe computer. 
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RESULTS 
GROWTH AND SURVIVAL OF P. monodon LARVAE (PZ1 - PZ3/M1) 
ON MICROALGAL FEEDS 
Larval growth and survival responses of P. monodon larvae 
(PZ1 - PZ3/M1) , on five algal species fed as individual diets 
and two algal species mixed together as combination diets at 
seven levels of cell concentrations are given in tables 3 
and 4. 
Highest growth rates and percentage survival were 
obtained when larvae were fed on a combination diet of the 
phytoflagellates T. chuii and R. baltica fed at a ratio of 1: 1 
at 40 cµ1-', 50 cµ1-1 and 60 cµ1-1 concentrations. With the 
exception of S. costatum, algal cell concentrations below 
20 cµl-1 did not support larval growth and survival. At feed 
levels of 20 and 30 cul-1 both larval growth and survival were 
relatively poor (fig. 1 and fig. 2). 
LARVAL GROWTH (PZ1 - PZ3/M1) 
To study the effect of algal feeds and cell densities on 
larval growth, two-way ANOVA between variable algal feeds and 
cell concentrations at seven levels was done. Results of 
two-way ANOVA for larval growth by variable algae and feed 
levels are given in table 5a. Both algal species and feed 
levels produced a significant effect on larval growth 
(P < 0.05). Multiple pair wise comparison for larval growth by 
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algal species is given in table 5b and pair wise comparison for 
larval growth by seven levels of cell concentration is given in 
table 5c. Since the two-way interaction between algal diets 
and cell concentration on larval growth was significant 
(P < 0.05), (raw data shows that both larval survival and 
growth were dependent on ration size and algal species offered 
as diet). One-way ANOVA was performed to determine the effects 
of individual algal diet on larval growth at different levels 
of cell concentration. 
Larval Growth at 20 cµl-1. 
Larval growth on each of the algal diets fed at 20 cµ1-1. 
either as a single feed or in combination were significantly 
different (P < 0.05 table 6a). Multiple pairwise comparison 
indicates that larval growth was significantly better on a 
combination algal diet of R. baltica and T. chuii fed at a 
ratio of 1: 1 compared to single algal diets (C. calcitrans, 
T. chuff i, P. lutheri, R. baltica) but growth was not 
significantly different to the diatom S. costatum and the algal 
combination of S. costatum and R. baltica fed in a ratio of 
1: 1. Summary of multiple pairwise comparisons are given in 
table 6b. 
Larval Growth at 30 cµl-1. 
Larval growth on individual algae fed singly or as a 
mixture gave significantly different (P < 0.05) growth rates 
(table 7a). Multiple pairwise comparisons shows S. costatum 
fed singly performed significantly better than algal diets 
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T. chuii, P. lutheri, combinations of S. costatum and 
R. baltica, in a ratio of 1: 1 and with C. calcitrans. Larval 
growth however was not significantly different from the algal 
diet R. baltica fed on its own and R. baltica and T. chuii fed 
as a mixture in a ratio of 1: 1. 
comparisons given in table 7b. 
Larval Growth at 40 cµ1-1. 
Summary of multiple 
Larval Growth performance on algal feeds at 40 cµl-1 were 
significantly different (P < 0.05 table 8a). Multiple pairwise 
comparison (table 8b) shows that the algal combination diet 
R. bal ti ca and T. chuii fed at a ratio of 1: 1 gave a 
significantly better growth rate compared to algal feeds of 
P. lutheri, C. calcitrans, T. chuii, S. costatum fed singly, 
but growth was not significantly different with R. bait i ca and 
with the feed combination of S. costatum and R. baltica fed in 
a ratio of 1: 1. 
Larval Growth at 50 cµl-1. 
Significant differences (P < 0.05) in larval growth were 
evaluated with algal diets fed at 50 cµl-1 (table 9a). 
Multiple pairwise comparison (table 9b) shows that the algal 
combination diet R. bal ti ca and T. chuii fed in a ratio of 1: 1 
at 50 cgl-1 gave a significantly better growth performance when 
compared to P. l ut heri , C. cal ci t rans, R. bal ti ca, T. chui 
i, 
and S. costatum fed as a single diet. Growth performance was 
however not significantly different from the algal diet of 
$. costatum and R. baltica fed in a ratio of 1: 1. 
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Larval Growth at 60 cµ1-1. 
Larval growth were significantly different (P < 0.05) 
with different algal diets (table 10a). Multiple pairwise 
comparison (table 10b) shows that the algal diet R. baltica and 
T. chuii gave significantly better larval growth rates when fed 
in a combination (ratio of 1: 1) compared to algal diets of 
P. lutheri, C. calcitrans, T. chuii, S. costatum, but growth 
was not significantly different compared to R. baltica and 
R. baltica and S. costatum fed in combination of 1: 1. 
LARVAL SURVIVAL (PZ1 - PZ3/M1) 
The effects of algal diets and cell concentration levels 
on survival of P. monodon larval stages PZ1 - PZ3/M1 were 
evaluated by employing two-way ANOVA to test variability 
between algal feeds, cell concentration and their effect on 
larval survival. Results of two-way ANOVA for larval survival 
by different algae and feed levels are given in table lla. The 
main effects of both algae and feed levels on larval survival 
were highly significant (P < 0.05). Multiple pairwise 
comparison of larval survival on algal species is given in 
table lib, and pairwise comparison of larval survival at seven 
cell concentrations is given in table llc. Since the two-way 
interaction between algal feeds and cell concentration on 
larval survival was significant (P < 0.05), one-way ANOVA was 
employed to determine the effects of individual algal diets on 
larval survival at different levels of cell concentration. 
Feed levels below a cell concentration of 20 cµl-1 did not 
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support larval survival through to metamorphosis. 
Larval Survival at 20 cµl-1. 
One-way ANOVA shows an overall significant (P < 0.05) 
difference in larval survival with individual algal species fed 
at 20 cµl-1 table 12a. Multiple pairwise comparison between 
survival and algae species shows the combination diet 
S. costatum and R. baltica to be significantly different from 
single species algal diets P. lutheri, S. costatum, and 
C. calcitrans, but survivals were not significantly different 
from R. bal ti ca, T. chuii or with a mixture of T. chuii and 
R. baltica in a ratio of 1: 1. Summary of multiple comparisons 
are given in table 12b. 
Larval Survival at 30 cµl-1. 
There was an overall significant (P < 0.05) difference in 
larval survival with differing algal species fed at 30 cµ1! 1 
table 13a. Multiple pairwise comparisons table 13b shows that 
algae fed in a combination of R. baltica and T. chuii in a 
ratio of 1: 1 gave significantly (P < 0.05) better survival 
rates than with P. lutheri and C. calcitrans algae fed alone. 
However larval survival was not significantly different from 
survival rates obtained on algal feeds S. costatum, R. baltica, 
T, chuii fed as a single diet and with S. costatum and 
R. baltica fed in combination (ratio of 1: 1). - 
Larval Survival at 40 cµ1-1. 
Larval survival was overall significantly different 
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(P < 0.05) with algal types 
Multiple pairwise comparison 
fed at 40 cal-1 (table 14a) . 
(table lob) shows that larval 
survival were significantly better on the algal combination of 
R. baltica and T. chuii fed in a ratio of 1: 1 in comparison to 
S. costatum, C. calcitrans and P. lutheri. Larval survival was 
not significantly different from T. chuii, R. baltica fed as a 
single diet and with S. cost at um and R. bal ti ca when fed as a 
combination diet in a ratio of 1: 1. 
Larval Survival at 50 cul-1. 
There was an overall significant difference (P < 0.05) in 
larval survival with different algal species at 50 cµl-' (table 
15a). Multiple pairwise comparison shows that the algal 
combination diet of R. baltica and T. chuii fed in a ratio of 
1: 1 gave a significantly better survival when compared with 
algal diets C. calcitrans, S. costatum, and P. lutheri fed 
alone. Larval survival however was not significantly different 
from individual algal diets of T. chuii, R. baltica and 
combination algal diet S. costatum and R. baltica fed in a 
ratio of 1: 1, table 15b. 
Larval Survival at 60 cµl-1. 
An overall significant difference (P < 0.05) was recorded 
for larval survival when algal diets were fed at 60 c4l-1, 
results for ANOVA are summarised in table 16a. Multiple 
pairwise comparisons between algal diets fed singly or as a 
combination and larval survival are given in table 16b. The 
algal combination diet R. baltica and T. chuii gave 
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significantly better si 
P. lutheri, R. baltica 
diet. Larval survival 
from algal combination 
larvae at 60 cµl-1 in a 
irvival than C. calcitrans, S. costatum, 
and T. chuii when fed as a single algal 
however was not significantly different 
diet S. costatum and R. baltica fed to 
ratio of 1: 1. 
GROWTH AND SURVIVAL OF P. monodon LARVAE (Ml - PL1) 
ON ZOOPLANKTON 
Results for larval growth and percentage survival of mysis 
larval stages fed on five diets consisting of live/frozen 
crustacean/mollusc eggs and larval forms are ranked and 
summarised in table 17. Ration levels and diets fed are listed 
in table 2. 
Highest larval growth rates (BL = 4.77 ± 0.133mm) and 
percentage survival (89%) were obtained for postlarvae (PL1) 
fed with Artemia salina nauplii, followed by larvae fed on 
fertilized eggs of Mytilus edulis (BL = 4.33 ± 0.109mm) when 
percentage survival to PL1 was 87%. Larval growth on frozen 
undeveloped crab eggs was 4.14 ± 0.185mm with a survival of 84% 
to PL1 stage. Growth rates on live rotifers were 3.88 ± 
0.147mm and percentage survival to intermediate PL was 55%. 
Lowest growth (3.85 ± 0.101mm) was obtained for larvae fed live 
barnacle nauplii, where percentage survival was 61% to 
intermediate PL stage. Figures 4 and 5 give growth and 
survival of larvae to post larvae stages on different animal 
feeds. 
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Larval Growth (Ml - PL1) 
To determine the effects of five animal diets on larval 
growth, one-way ANOVA analysis was employed, table 18a shows an 
overall significant response (P < 0.05) in terms of larval 
growth for larvae fed different animal diets. Tukeys multiple 
pairwise comparison (table 18b) indicates that freshly hatched 
Artemia nauplii supported significantly (P < 0.05) higher 
larval growth rates in comparison to larvae fed on live 
barnacle nauplii, rotifers, crab eggs and fertilized mussel 
eggs. Larval growth on fertilized mussel eggs was 
significantly better than larval growth achieved on diets of 
barnacle nauplii, live rotifers and crab eggs. Similarly, 
larval growth on a diet of undeveloped crab eggs was 
significantly (P < 0.05) different from growth obtained on a 
diet of barnacle nauplii and live rotifers. However larval 
growth on diets of live rotifers was not significantly 
different (P < 0.05) from larval growth achieved with a diet of 
barnacle nauplii. 
Larval Survival (Ml - PL1) 
Results of five animal feeds in terms of larval survival 
were determined by one-way ANOVA. Table 19a indicates an 
overall significant (P < 0.05) effect on larval survival with 
differing animal diets. Tukeys multiple pairwise comparison 
(table 19b) was employed to identify diets which gave 
significantly (P < 0.05) higher survivals. Larval survival on 
freshly hatched Artemia nauplii were significantly better then 
survivals obtained on diets of live rotifers and live barnacle 
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nauplii. Percentage larval survival of larvae fed Artemia 
nauplii was however not significantly different (P < 0.05) from 
survival obtained for larvae on diets of undeveloped crab eggs 
and fertilized mussel eggs. 
DISCUSSION 
Amongst the five unicellular algal species (table 1) 
tested in P. monodon larval feed trials (PZ1 - PZ3/Ml), best 
growths were obtained with the combination diet of R. baltica 
and T. chuii mixed in a ratio of 1: 1 at ration levels of 
40 cµl-1,50 cµl-1 and 60 cul-1. The algal combination of 
S. costatum and R. baltica mixed in a ratio of 1: 1 also 
promoted good growth at 40 cµl-1,50 cµl-1 and 60 cµl-1 (table 
3). Larval growth on R. baltica and S. costatum fed 
individually as single algae at 40 cgl-1 performed moderately 
well and growth was not significantly different from the 
combination diets at 40 cµl-1 and 60 cµl-1 (tables 8b and lob) . 
Algal ration levels of 20 cµl-1 and 30 cgl-1 support larval 
growth but the larvae are less active, show poor growth rates 
and delayed metamorphosis compared to larvae fed at optimum 
cell densities between 40 c9l-1 and 60 cµl-1. Larval growth 
was poor when the flagellate P. lutheri was fed at all feeding 
levels. Partially digested P. lutheri cells were observed in 
larval faeces, and it appears that P. monodon larvae are unable 
to digest and break down cells of the species mechanically or 
enzymatically. P. lutheri was also shown to be of poor food 
for oyster spat (Langdon and Waldock, 1981). Larval survival 
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was also best on the algal combination diet R. baltica and 
T. chuii fed in a ratio of 1: 1 at ration levels 40 cµl-1, 
50 cal-1 and 60 cgl-1, followed by the combination diet 
S. costatum and R. baltica also fed at 1: 1 ratio. Larval 
survival were not significantly different (P < 0.05) to diets 
comprising the single algal species T. chuii and R. baltica at 
40 cgl-1 and 50 cµl-1 (table 14b and 15b). Algae cell 
concentrations below 20 c41-1 do not sustain survival. 
Percentage larval survival were relatively poor at algal 
densities of 20 cµl-1 and 30 cµl-1 compared to survival on 
algal diets at 40 cµl-1,50 cµ1-1 and 60 cµ1-1, table 4. 
S. costatum, C. calcitrans and P. lutheri gave comparatively 
lower survival when fed as single species. 
Amongst the single algal species, the only previous 
reference to R. baltica as a P. monodon larval diet is by 
Kurmaly et al., (1989a) who obtained highest percentage 
survival and larval growth on this species. These results are 
also consistent with the present study in which highest growth 
and larval survival were obtained (table 3 and 4) with R. 
baltica fed as a single algal species at 40 cells gl-1 in 
comparison with other species (T. chuii, C. calcitrans, S. 
cost at um and P. l ut heri) . Rhodomonas spp are known to contain 
high levels of both protein and lipids (Enright et al., 1986). 
Macronutrient composition of algae and levels of 
polyunsaturated fatty acid (PUFA) have been tabulated from 
literature (table 20 and 21). When different algal species are 
used as diets for larvae, variability in larval growth and 
survival may be attributed to nutritive value, digestibility, 
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cell size or chemical composition of algal cells (Webb and Chu 
1982; Volkman et al., 1989). Fernandez-Reiriz et al., (1989) 
have shown variation in the biochemical composition of marine 
microalgae when harvested at the exponential and stationary 
growth phases. It was shown that carbohydrate levels in 
Rhodomonas sp., P. lutheri, Tetraselmis sp. and C. calcitrans 
increases as the culture develops. 
Protein levels in P. lutheri, Rhodomonas sp. and 
C. calcitrans increases in the stationary phase and a decreased 
level of proteins in Tetraselmis sp. and P. lutheri was shown 
to increase with the development of culture. Lipid levels for 
Tetraselmis sp. and C. calcitrans were observed to be high in 
the early stationary phase of growth. Rhodomonas sp. was shown 
to contain the highest values of polyunsaturated fatty acids 
(73.6,09o) in the exponential phase compared with C. calcitrans 
(33.7%), P. lutheri (42.0%) and Tetraselmis sp. (51-20%). A 
deficiency in some essential fatty acids in algae such as 
20-carbon and 22-carbon fatty acids of the w3 series seems to 
be the major reason for poor nutritional value. It has been 
shown that some PUFA's 20: 5w3 (eicosapentaenoic acid) and 
22: 6w3 (decosahexaenoic acid) synthesized by algae are 
essential for normal growth and development of penaeid prawns 
(Colvin, 1976; Guary et al., 1976; Kanazawa et al., 1977a; 
Kanazawa et al., 1977b; Jones et al., 1979b). 
Conventional larval rearing methods rely heavily on live 
S. costatum in prawn hatcheries as a single diet (Liao et al., 
1988). Present laboratory algal feed trials with P. monodon 
larvae using S. costatum gave inferior growth and survival 
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compared to mixed algal diets. S. costatum is known to contain 
relatively small quantities of certain essential amino acids 
e. g. tyrosine (Chuecas and Riley, 1969). Kurmaly et al., 
(1989a) also suggest that mechanical fouling of cephalic 
appendages by S. costatum may occur inhibiting effective 
feeding and respiration. Jones et al., (1987) also observed 
low annual larval survival in a Taiwan prawn hatchery where 
S. costatum was used exclusively. Liao et al., (1983) reports 
S. costatum to be harmful for penaeid larvae if harvested in or 
after the stationary growth phase. Therefore, exclusive use of 
S. costatum as a single diet in prawn hatcheries is not 
recommended. 
In general, best growth and survival is obtained on mixed 
algal diets (Fig. 3) which are more likely to contain the 
diversity of macro and micro nutrients to satisfy most 
nutritional requirements for larval growth and development. 
Two or more sources of protein are better then one as the amino 
acid spectra and levels of amino acids are likely to be greater 
(Rumsey and Ketola, 1975). 
Optimum larval growth and survival obtained in the present 
algal feed trials were on the mixed diets.. of T. chuii/R. 
baltica and S. costatum/R. baltica. It is likely that mixed 
algal diet provides the larvae with a better balance of 
nutrients such as amino acids, fatty acids and carbohydrates, 
as well as micronutrients, e. g. vitamins and minerals. Thus 
any nutritional deficiency in one algal species may be 
compensated by its presence in another species. Changes can 
occur in the biochemical composition of microalgae. Species 
32 
considered as successful food species occasionally and as yet 
unpredictably, become unsuitable and even harmful to prawn 
larvae when cells are harvested in or after the stationary 
phase (Liao et al., 1983). 
Algal food concentrations offered to the larvae is also an 
important factor in determining larval growth and survival. 
Estimates of energy budget calculated by Kurmaly et al., 
(1989b) for P. monodon larvae fed T. chuii at 60 cellsµl-1 
showed that PZ1 larval stage required 0.746 Joules. larva-1. 
day-1 for development. In the present feed trial T. chuii fed 
at cell concentrations below 20 cµ1-1 did not support larval 
growth. Cell concentrations of 10,20 and 30 cµ1-1 provided 
0.124,0.248 and 0.373 J. larva-1. day-', this amount of energy 
maintains larval growth but it is inadequate for optimum 
development, both larval growth and survival are inhibited 
(table 3 and 4). The demand for energy increases as the larvae 
metamorphose through successive developmental stages. Larval 
development in the present protozoeal feed trial was optimum 
between cell concentrations of 40,50 and 60 cgl-1 which 
provides 0.500,0.621 and 0.746 J. larva-'. day-1 respectively. 
The assimilation efficiency of protozoeal stage fed at cell 
concentrations of 40 cal-1 was calculated to be between 18 to 
35%. Assimilation efficiency was lower for cell concentrations 
fed at 50 cgl-1 (15 to 19%) and 60 cµ1-1 (12 to 16%) . At high 
feed concentrations (60 cµl-1) Kurmaly et al., (1989b) obtained 
assimilation efficiency at around 16% for protozoeal stages. 
Lower assimilation efficiency at high algal feed concentration 
was attributed to superfluous feeding by the larvae (Kurmaly et 
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al., 1989b). This author suggested that optimal energy gains 
may be best obtained by the larvae if food is shunted rapidly 
through the gut partially digested, but replenished quickly. 
P. monodon larvae can refill their guts 5-7 times h-1 when 
feeding on dense algal cultures (Jones and Kurmaly, 1987). It 
can be concluded that P. monodon larval growth and survival 
from PZ1 to PZ3 are highly dependent on both cell concentration 
and algal species offered as a diet. 
When the planktonic filter feeding protozoeal stages of 
penaeid larvae metamorphose into mysis stage, the larvae assume 
an adult-like appearance and move to the next trophic level in 
the planktonic food chain. The herbivorous larvae become 
omnivorous and actively feed on both phytoplankton and 
zooplankton. During the mysis substages there is a gradual 
transition from herbivorous feeding to zooplankton as the 
preferred food, thus becoming first level predators. Ideal 
prey must therefore be of an appropriate size for easy capture 
and available for consumption in adequate concentrations and 
should have essential dietary nutrients. 
The comparative macronutrient biochemical composition of 
zooplankton species offered as food in the present feed trial 
(Ml - PL1) have been extracted from the literature and are 
listed in table 22. Variation in the nutritional value of live 
diet may explain the variability obtained in larval survival 
and growth of P. monodon larvae on different diets. Simpson et 
al., (1983) suggest dietary level of protein requirement for 
prawn larvae to be in the range of 52-57%. Live freshly 
hatched nauplii of brine shrimp Artemia (Instar 1, San 
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Francisco Bay Brand) have a protein component of 69%. Highest 
larval growth (4.77mm) and percentage survival (89%) were 
obtained on Artemia in comparison to other diets tested (table 
17). Artemia constitutes the best live substitute for wild 
zooplankton for shrimp larvae (Liao et al., 1983) owing to its 
high nutritive value (Claus et al., 1979). Sulkin and 
Epifanio, (1975) reported that Artemia nauplii generally 
contain two or three times more lipid per dry weight than 
rotifers. In present work fertilized eggs of Mytilus edulis 
ranked second in supporting metamorphoses to PL stage (larval 
growth 4.33mm and survival 87%). Mussel eggs also have a high 
dietary protein level (60%) and a lipid content of 12% 
(Holland, 1978). Eggs of the crab Hyas araneus also contain 
56% of dietary protein and a high lipid (21.9%) content 
(Holland, 1978). larval growth 4.14mm and survival 84% on this 
diet ranked third in performance. McConaugha, (1985) suggested 
that most decapod larvae require long chain fatty acids, to 
complete metamorphosis. Jones et al., (1979a), using 
microcapsules containing 14C- palmitic acid, showed that P. 
Japonicus larvae are able to synthesize 20: 5w3 and 22: 6w3 from 
18: 3w3. Kanazawa et al., (1979a, b) also showed that addition 
of 20: 5w3 and 22: 6w3 fatty acid to diets of prawn P. japonicus 
increased survival and weight gains. Rotifers sustained 
development from M1 to PL1, but larval survival (55%) and 
growth (3.88mm) is ranked fourth due to their poor nutritive 
value. The dietary composition of rotifers largely depends on 
their food (Ben-Amotz, et al., 1987). Emmerson, (1984) studied 
the energetic requirement of P. indius and found that energy 
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intake from rotifers was consistently low throughout the 
rearing period. He concluded that rotifers can be completely 
dispensed with for practical culture purposes. Poor larval 
survival (61%) and growth (3.85mm) on live barnacle nauplii 
resulted from the inability of the mysis stage to capture the 
extremely active (mean linear velocity 2.5mm. sec-1) stage 1 
barnacle nauplii. Although barnacle nauplii contain all the 
essential dietary requirements in terms of protein (63.7%) and 
lipids (8.1%) (Holland, 1978), they are not a suitable prey 
item for P. monodon larvae. The M1 metamorphosed to PL on dead 
barnacle nauplii. 
Feed size doesnot appear to be an important criterion in 
food preference of mysis larvae. With the exception of mussel 
eggs (30 - 40 gm) other zooplankton feeds compared favourably 
with Artemia nauplii (250 - 430 µm), table 2. However rotifers 
and barnacle nauplii may be less than adequate substitutes for 
Artemia in mysis and postlarval stages. Larval survival on 
diets of crab and mussel eggs at 30 ml-1. day-1 were not 
significantly different from survival obtained on Artemia 
nauplii (table 19b). Both crab and mussel eggs contain 
relatively high protein and lipid contents. Samocha et al., 
(1989), however, suggest that Artemia alone may be a superior 
food for the mass culture of penaeid larvae. 
Although the use of Artemia in prawn hatcheries has 
advantages and disadvantages they are not a natural diet for 
crustaceans since it is a continental genus abundant only in 
environments with very high salinity. Nutritional deficiencies 
amongst Artemia strains have been reported (Wickins, 1972), 
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they are expensive (Beidenbach et al., 1989) and excrete 
poisonous metabolites, compounding water quality problems 
(Samocha et al., 1989). The shell surface of Artemia cysts is 
usually covered with bacteria and other contaminants (Wheeler 
et al., 1979) and can easily introduce detrimental organisms 
such as ciliates into prawn larval cultures 
(Sorgeloos, 1978). The digestive tract of the prawn larvae 
feeding on Artemia nauplii may also be clogged by the empty 
shells and unhatched cysts due to their indigestibility 
(Sorgeloos et al., 1977). High densities of Artemia also 
compete with prawn larvae in hatcheries for the same resource - 
dissolved oxygen and algal food (Wilkenfeld et al., 1981) which 
are often limited. 
As exclusive use of live foods in prawn hatcheries is not 
desirable, alternative food sources, in the form of artificial 
larval feeds currently available worldwide require evaluation 
as partial or complete replacements for live feeds under 
controlled laboratory feed trials. 
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Table 5a Two-way ANOVA and interaction between algal species and cell 
concentration on larval growth (PZ1-PZ3/M1) 
Source of Variation Sum of DF Mean F Sig 
Squares Square of F 
Main effects 734.710 12 61.226 11185.376 . 00 
j 
ALGAE 18.296 6 3.049 557.077 
. 001 CELLS 716.415 6 119.402 21813.674 . 001 
2-way interactions 
ALGAE CELLS 42.692 36 1.186 216.648 . 001 
Explained 777.402 48 16.196 2958.830 . 001 
Residual 2.414 441 . 005 
Total 779.816 489 1.595 
Table 5b : Multiple pair wise comparison, tabular summary of significance, 
larval growths (PZ1 - PZ3/M1) by algal feeds. 
Means Algal Feed Code P1 
Algal 
Tc 
Feeds 
Cc Rb Sc/Rb Rb/Tc Sc 
1.80 P. lutheri Pi 
1.92 T. chuii Tc ns 
1.94 C. calcitrans Cc ns ns 
2.04 R. bal t ica Rb ns ns ns 
2.10 S. costatum/ Sc/ 
R. bal ti ca Rb 
2.13 R. baltica/ Rb/ 
T. chuii Tc 
2.45 S. costatum Sc 
(*) Denotes pairs of groups significantly different at 0.050 level 
ns indicates a non-significant result 
Table 5c : Multiple pair wise comparison, tabular summary of significance, 
lar1al_1growths (PZ1 - PZ3/M1) by algal feed concentrations 
cµl .d. 
Means Cell Cell concentration 
Nos 5cµl-1 10cµ1-1 20cµ1-1 30cµl-1 40cµ1-1 50cµ1-1 60cµ1-1 
0.00 Scµl_-1 
0.34 10cµ1 Ins 
2.40 20cµ1_; 
2.77 30cµ1_1 
2.94 40cµ1 
2.95 50cµ1; 
2.97 60cµ1_ 
(3 Denotes pairs of groups significantly different at 0.050 level. 
ns indicates a non-significant result. 
Table 6a : Analysis of variance on larval growths by algal feeds at cell 
densities of 20 cµl-1. 
SOURCE D. F. SUM OF MEAN FF 
SQUARES SQUARES RATIO PROB. 
BETWEEN GROUPS 6 6.4872 1.0812 252.628 . 001 WITHIN GROUPS 63 . 2696 . 0043 TOTAL 69 6.7569 
Test for Homogeneity of Variance 
Bartlett-Box F=2.546, P= . 018 
Table 6b : Multiple pairwise comparison, tabular summary of significance, 
larval growth by algal cells at 20 cµl 
Mean Algal Feeds Code Cc 
Algal Feeds 
Tc P1 Rb Sc Sc/Rb Rb/Tc 
2.1011 C. calci trans Cc 
2.1133 T. chui i Tc ns 
2.1225 P. lutheri P1 ns ns 
2.2331 R. ba 1ti ca Rb 
2.7472 S. costatum Sc 
2.7502 S. costatum/ Sc/ 
R. ba lti ca Rb * *** ns 
2.7595 R. ba 1ti ca/ Rb/ 
T. chuii Tc * *** ns ns 
(*) Denotes pairs of groups significantly different at 0.050 level 
ns indicates a non-significant result 
Table 7a : Analysis of Variance on larval growth by algal feeds at cell 
densities of 30 cµl-1. 
SOURCE D. F. SUM MEAN FF 
OF SQUARES SQUARES RATIO PROB. 
BETWEEN GROUPS 6 1.6950 . 2825 22.183 . 001 WITHIN GROUPS 63 . 8023 . 0127 TOTAL 69 2.4974 
Test for Homogeneity of Variance 
Bartlett-Box F=4.492, P= . 000 
Table 7b : Multiple pairwise comparisons, tabular summary of significance, 
larval growth by algal cell at 30 cµl 1. 
Mean Algal Feeds Code Tc 
Algal Feeds 
Pl Sc/Rb Cc Rb Rb/Tc Sc 
2.5318 T. chui i Tc 
2.5719 P. lutheri P1 ns 
2.7502 S. costatum/ Sc/ 
R. bal t ica Rb 
2.8148 C. calci trans Cc * * ns 
2.8609 R. bal t ica Rb * * ns ns 
2.8641 R. bal t ica/ Rb/ 
T. chuff i Tc * * ns ns ns 
3.0024 S. costatum Sc * *** ns ns 
(*) Denotes pairs of groups significantly different at 0.050 level 
ns indicates a non-significant result 
Table 8a : Analysis of Variance on larval growth by algal feeds at cell 
densities of 40 cµl-1. 
SOURCE D. F. SUM OF MEAN FF 
SQUARES SQUARES RATIO PROB. 
BETWEEN GROUPS 6 1.7059 . 2843 67.247 . 001 WITHIN GROUPS 63 . 2664 . 0042 TOTAL 69 1.9722 
Test for Homogeneity of Variance 
Bartlett-Box F=1.714, P= . 113 
Table 8b : Multiple pairwise comparisons, tabular summary of significance, 
larval growth by algal cells at 40 cµl 1. 
Means Algal Feeds Code Pl 
Algal 
Cc 
Feeds 
Tc Sc Rb Sc/Rb Rb/Tc 
2.6150 P. lutheri P1 
2.8425 C. calci trans Cc 
2.9225 T. chuff i Tc * ns 
3.0025 S. costatum Sc * * ns 
3.0454 R. ba lti ca Rb * * * ns 
3.0671 S. costatum/ Sc/ 
R. bal tica Rb * * * ns ns 
3.0949 R. bat ti ca/ Rb/ 
T. chuff i Tc * * ** ns ns 
(*) Denotes pairs of groups significantly different at 0.050 level 
ns indicates a non-significant result 
Table 9a Analysis of Variance on larval growth by algal feeds at cell 
densities of 50 cµl-1. 
SOURCE D. F. SUM OF MEAN FF 
SQUARES SQUARES RATIO PROB. 
BETWEEN GROUPS 6 1.5677 . 2613 51.672 . 001 WITHIN GROUPS 63 . 3186 . 0051 TOTAL 69 1.8862 
Test for Homogeneity of Variance 
Bartlett-Box F=2.454, P= . 023 
Table 9b : Multiple pairwise comparisons, tabular summary of significance, 
larval growth by algal cells at 50 cµlI. 
Means Algal Feeds Code P1 
Algal Feeds 
Cc Rb Tc Sc Sc/Rb Rb/Tc 
2.6210 P. lutheri P1 
2.8824 C. clacitrans Cc 
2.8824 R. ba 1ti ca Rb * ns 
2.9040 T. chuff i Tc * ns ns 
2.9995 S. costaturn Sc * ** ns 
3.0825 S. costatuzn/ Sc/ 
R. baltica Rb * *** ns 
3.1080 R. bal t ica/ Rb/ 
T. chuff i Tc * **** ns 
(*) Denotes pairs of groups significantly different at 0.050 level 
ns indicates a non-significant result 
Table 10a : Analysis of Variance on larval growth by algal feeds at cell 
densities of 60 cµ1-'. 
SOURCE D. F. SUM OF MEAN FF 
SQUARES SQUARES RATIO PROB. 
BETWEEN GROUPS 6 1.3420 . 2237 76.613 . 001 WITHIN GROUPS 63 . 1839 . 0029 TOTAL 69 1.5260 
Test for Homogeneity of Variance 
Bartlett-Box F=3.399, P= . 002 
Table 10b : Multiple pairwise comparisons, tabular summary of significance, 
larval growth by algal cells at 60 cµl^1. 
Means Algal Feeds Code P1 
Algal 
Cc 
Feeds 
Tc Sc Rb Sc/Rb Rb/Tc 
2.6824 P. lutheri P1 
2.8979 C. calci trans Cc 
2.9349 T. chuff i Tc * ns 
3.0211 S. costatum Sc 
3.0641 R. bal ti ca Rb * * * ns 
3.0762 S. costatum/ Sc/ 
R. bal ti ca Rb * * * ns ns 
3.1194 R. baltica/ Rb/ 
T. chuii Tc * * ** ns ns 
(*) Denotes pairs of groups significantly different at 0.050 level 
ns indicates a non-significant result 
Table 11a : Two-way ANOVA and interaction between algal species and cell 
concentration on larval survival (PZ1-M1) 
Sum of Mean Sig. 
Source of Variation Squares DF Square F of F 
Main effects 78769.286 12 6564.107 165.241 . 001 ALGAE 14138.429 6 2356.405 59.319 . 001 CELLS 64630.857 6 10771.810 271.163 . 001 
2-way Interactions 
ALGAE CELLS 8916.714 36 247.687 6.235 . 001 
Explained 87686.000 48 1826.792 45.987 . 001 
Residual 1946.500 49 39.724 
Total 89632.500 97 924.046 
Table 11b : Summary of multiple pairwise comparison for larval survival 
(PZ1-M1) with algal feeds. 
Means Algal Feeds Code P1 
Algal Feeds 
Cc Sc Rb Tc Sc/Rb Rb/Tc 
24.50 P. lutheri P1 
25.79 C. calci trans Cc ns 
29.93 S. costatum Sc ns ns 
42.64 R. ba lti ca Rb 
43.86 T. chuff i Tc 
53.79 S. costatum/ Sc/ 
R. baltica Rb 
56.00 R. bal ti ca/ Rb/ 
T. chuff i Tc 
(*) Denotes pairs of group significantly different at the 0.050 level 
ns indicates a non-significant result 
Table 11c : Summary of multiple pairwise comparison for larval survival 
(PZ1-M1) with cell concentrations fed. 
Means Cell 
Nos. 5cµ1-1 10cµ1-1 
Cell 
20cµl 
concentration 
-1 30cµ1-1 40cµ1-1 60cµl-1 50cµ1-1 
0.00 5cµ1 1 
0.93 _ 10cµ1 ns 
40.00 20cµ1 1 
52.07 _ 30cµ1 
60.21 40cµ1 1 
61.41 _ 60cµ1 
62.14 50cµ1-1 
(*) Denotes pairs of groups significantly different at the 0.050 level 
ns indicates a non-significant result 
Table 12a : Analysis of Variance on larval survival by algal feeds at cell 
densities of 20 cµl-1. 
SOURCE D. F SUM OF MEAN FF 
SQUARES SQUARES RATIO PROB. 
BETWEEN GROUPS 6 3884.8571 647.4762 15.8751 . 0009 
WITHIN GROUPS 7 285.5000 40.7857 
TOTAL 13 4170.3571 
Test for Homogeneity of Variance 
Bartlett-Box = . 409, P= . 870 
Table 12b : Multiple pairwise comparison, tabular summary of significance, 
larval survival by algal cells at 20 cµl-1. 
Means Algal Feeds Code P1 
Algal 
Sc 
Feeds 
Cc Rb Tc Rb/Tc Sc/Rb 
14.00 P. lutheri P1 
21.50 S. costatum Sc ns 
28.50 C. calci trans Cc ns ns 
41.00 R. ba 1ti ca Rb * ns ns 
47.50 T. chuff i Tc * * ns ns 
49.00 R. bat t ica/ Rb/ 
T. chuff i Tc * * ns ns ns 
66.00 S. costatum/ Sc! 
R. baltica Rb * * * ns ns ns 
(*) Denotes pairs of groups significantly different at 0.050 
level 
ns indicates a non-significant result 
Table 13a : Analysis of Variance on larval survival by algal feeds at cell 
densities of 30 cµl 1. 
SOURCE D. F SUM OF MEAN SQUARES FF 
SQUARES RATIO PROB. 
BETWEEN GROUPS 6 5300.4286 883.4048 27.7302 . 0002 WITHIN GROUPS 7 223.0000 31.8571 
TOTAL 13 5523.4286 
Test for Homogeneity of Variance 
Bartlett-Box = . 538, P= . 777 
Table 13b : Multiple pairwise comparison, tabular summary of significance, 
larval survival by algal cells at 30 cµl-1. 
Algal Feeds 
Means Algal Feeds Code P1 Cc Sc Rb To Sc/Rb Rb/Tc 
16.50 P. lutheri P1 
32.00 C. cal ci trans Cc ns 
53.00 S. costatum Sc * ns 
60.00 R. bal ti ca Rb ** ns 
60.00 T. chuff i Tc ** ns ns 
72.00 S. costatum/ Sc/ 
R. baltica Rb ** ns ns ns 
73.00 R. bal ti ca/ Rb/ 
T. chuff i Tc ** ns ns ns ns 
(*) Denotes pairs of groups significantly different at 0.050 level 
ns indicates a non-significant result 
Table 14a : Analysis of variance on larval survival by algal feeds at cell 
densities of 40 cgl 
1. 
SOURCE D. F SUM OF MEAN SQUARES FF 
SQUARES RATIO PROB. 
BETWEEN GROUPS 6 4876.8571 812.8095 6.9941 . 0108 
WITHIN GROUPS 7 813.5000 116.2143 
TOTAL 13 5690.3571 
Test for Homogeneity of Variance 
Bartlett-Box = . 669, P= . 675 
Table 14b : Multiple pairwise comparison, tabular summary of significance, 
larval survival by algal cells at 40 cµl 
1. 
Means Algal Feeds Code 
Algal Feeds 
Sc Cc P1 Tc Rb Sc/Rb Rb/Tc 
39.00 S. cos tat um Sc 
40.50 C. calci trans Cc ns 
43.50 P. lutheri Pi ns ns 
62.00 T. chu ii Tc ns ns ns 
67.50 R. bal ti ca Rb ns ns ns ns 
78.00 S. costatum/ Sc/ 
R. baltica Rb ns ns ns ns ns 
91.00 R. ba 1ti ca/ Rb/ 
T. chuff i Tc * ** ns ns ns 
(*) Denotes pairs of groups significantly different at 0.050 level 
ns indicates a non-significant result 
Table 15a : Analysis of Variance on larval survival by algal feeds at cell 
densities of 50 cµ1-1. 
SOURCE D. F SUM OF MEAN FF 
SQUARES SQUARES RATIO PROB. 
BETWEEN GROUPS 6 4238.7143 706.4524 13.1971 . 0017 WITHIN GROUPS 7 375.0000 53.5714 
TOTAL 13 4613.7143 
Test for Homogeneity of Variance 
Bartlett-Box = . 654, P= . 687 
Table 15b : Multiple pairwise comparison, tabular summary of significance, 
larval survival by algal cells at 50 cµl 1. 
Algal Feeds 
Means Algal Feeds Code Cc Sc P1 Tc Rb Sc/Rb Rb/Tc 
40.00 C. calci trans Cc 
44.50 S. costatum Sc ns 
49.00 P. lutheri P1 ns ns 
63.00 T. chui i Tc ns ns ns 
67.50 R. ba 1ti ca Rb ns ns ns ns 
82.00 S. costatum/ Sc/ 
R. ba 1ti ca Rb * ** ns ns 
89.00 R. bal t ica/ Rb/ 
T. chui i Tc * ** ns ns ns 
(*) Denotes pairs of groups significantly different at 0.050 level 
ns indicates a non-significant result 
Table 16a : Analysis of Variance on larval survival by algal feeds at cell densities of 60 cµl-1. 
SOURCE D. F SUM OF MEAN FF 
SQUARES SQUARES RATIO PROB. 
BETWEEN GROUPS 6 4014.7143 669.1190 20.8170 . 0004 WITHIN GROUPS 7 225.0000 32.1429 
TOTAL 13 4239.7143 
Test for Homogeneity of Variance 
Bartlett-Box = . 542, P= . 774 
Table 16b : Multiple pairwise comparison, tabular summary of significance, 
larval survival by algal cells at 60 cµ1-1. 
Algal Feeds 
Means Algal Feeds Code Cc Sc P1 Rb Tc Sc/Rb Rb/Tc 
39.50 C. calci trans Cc 
45.00 S. costatum Sc ns 
48.50 P. lutheri P1 ns ns 
62.50 R. ba tti ca Rb * ns ns 
64.50 T. chuff i Tc * ns ns ns 
78.50 S. costatum/ Sc/ 
R. bal ti ca Rb * ** ns ns 
89.50 R. bal t ica/ Rb/ 
T. chuff i Tc * **** ns 
(*) Denotes pairs of groups significantly different at 0.050 level 
ns indicates a non-significant result 
Table 17 : Animal diets ranked according to performance in terms of larval 
growth and percentage survival at PL1 ± S. D. 
Initial Larval Larval 
Stocking Growth Survival 
SPECIES DIET TYPE size (mm) BL (mm) (%) 
Artemia Instar 1 3.0 4.775 89.00 
sal ina nauplius ±. 050 ±0.133 ±3.536 
Myt ilus fertilized 3.0 4.335 87.00 
edel is eggs t. 050 ±0.109 ±4.243 
Hyas undeveloped 3.0 4.144 84.00 
araneus eggs ±. 050 ±0.185 ±5.657 
Brachionus Live 3.0 3.883 55.00 
plicatilis adults ±. 050 ±0.147 ±9.900 
Elminius stage 1 3.0 3.855 61.00 
modestus naupl ius ±. 050 ±0.101 ±4.243 
Table 18a : Analysis of variance on larval growth (Ml - PL1) by animal 
feeds. 
SOURCE D. F. SUM OF MEAN FF 
SQUARES SQUARES RATIO PROB. 
BETWEEN GROUPS 4 5.7141 1.4285 74.5020 . 00 WITHIN GROUPS 45 . 8628 . 0192 TOTAL 49 6.5769 
Test for Homogeneity of Variance 
Bartlett-Box = 1.009, P= . 401 
Table 18b : Multiple pairwise comparisons, tabular summary of significance, 
larval growth by animal feeds. 
Animal Feeds 
Means Animal feeds Code Em Bp Ha Me As 
3.8549 E. modestus (Nauplii) Em 
3.8826 B. plicatilis (Adults) Bp ns 
4.1440 H. araneus (eggs) Ha 
4.3348 M. edu 1is (eggs) Me 
4.7747 A. sa li na (Naup li i) As **I 
(*) Denotes pairs of groups significantly different at 0.050 level 
ns indicates a non-significant result 
Table 19a : Analysis of variance on larval survival (Ml - PL1) by animal 
feeds. 
SOURCE D. F. SUM OF MEAN FF 
SQUARES SQUARES RATIO PROB. 
BETWEEN GROUPS 4 2061.6000 515.4000 14.4370 . 0059 
WITHIN GROUPS 5 178-5000 35.7000 
TOTAL 9 2240.1000 
Test for Homogeneity of Variance 
Bartlett-Box = . 255, P= . 905 
Table 19b : Multiple pairwise comparison, tabular summary of significance, 
larval survival by animal feeds. 
Means Animal Feeds 
Animal Feeds 
Code Bp Em Ha Me As 
55.00 B. plicatilis (adults) Bp 
61.00 E. modestus (nauplii) Em ns 
84.00 H. araneus (eggs) Ha * ns 
87.00 M. edul is (eggs) Me ** ns 
89.50 A. sal ina (naupl i i) As ** ns ns 
(*) Denotes pairs of groups significantly different at 0.050 level 
ns indicates a non-significant result 
Table 20 : Percentage dry weight macronutrient composition of algae fed to 
Penaeus monodon larvae 
Food Protein Carbohydrate Lipid Ash Reference 
Tetraselmis Kurmaly et al., 
chu ii 48.8 24.7 4.3 22.2 (1989a) 
Chaetoceros Tobias-Quinito 
calcitrans -23.94 19.01 8.69 - & Vi l legas 
(1982) 
Skeletonema Kurmaly et al., 
costatum 33.3 22.6 8.1 36.0 (1989a) 
Rhodomonas Kurmaly et al., 
ba 1ti ca 52.0 33.7 4.3 4.3 (1989a) 
Pavlova Parsons et al., 
1 utheri 49.0 31.4 11.6 6.4 (1961) 
Table 21 : Percentage composition of fatty acids in flagellate and diatoms 
used as food for P. monodon larvae. 
Flagellates I Diatoms 
T. chuiia/R. balticaa/P. lutherib/C. calcitransb/S. costatuma 
Saturates 
12: 0 0.3 TR 
14: 0 4.0 4.9 11.5 17.5 19.7 
15: 0 - - 0.5 0.8 0.5 
16: 0 26.0 11.0 21.3 10.7 10.7 
17: 0 - - 0.2 0.3 - 
18: 0 - - 1.3 0.8 - 
20: 0 - - 0.3 TR - 
22: 0 - - 0.3 TR - 
24: 0 - - 0.2 0.1 - 
Sum % 30.0 15.9 35.9 30.2 30.9 
Monosaturates, 
16: 1(w-10) 
16: 1(w-9) o. 7 0.5 - - - 
16: 1(w-7) o. 6 1.3 16.8 30.3 32.6 
16: 1(w-S) - - TR 0.1 - 
16: 1(w-13)t 0.7 
18: 1(w-10) - 0.3 - 
18: 1(w-9) 11.5 3.9 1.7 2.8 1.7 
18: 1(w-7) 4.3 3.2 1.4 0.2 1.2 
20: 1(w-9) - 0.2 - - 
Sum % 17.1 8.9 20.4 33.8 35.5 
Polyunsaturates 
16: 2(w-7) - - 0.2 . 3.5 - 
16: 2(w-6) - - - - 
16: 2(w-4) - - 0.2 1.6 
16: 3(w-6) - - - - 
16: 3(w-4) - - 0.4 . 8.0 
16: 3(w-3) - - - - 
16: 4(w-3) - - - 
16: 4(w-1) - - - 0.3 
18: 2(w-9) - - 0.4 0.8 
18: 2(w-6) 11.5 14.2 1.5 0.8 1.1 
18: 3(w-6) 2.6 2.7 0.4 0.4 0.2 
18: 3(w-3) 23.1 16.5 1.8 TR 0.9 
18: 4(w-3) 9.5 17.3 6.0 0.5 4.4 
20: 1 W-9) 0.7 0.4 - 
20: 4(w-6) 0.4 3.0 TR 5.7 0.2 
20: 4(w-3) - - - 0.2 
20: 5(w-3) 3.4 11.6 19.7 11.1 22.9 
22: 1(w-11) - 0.2 - - - 
22: 5(w-3) - 0.1 - 
22: 5(w-6) - - 2.0 - - 
22: 6(w-3) - 7.6 9.4 0.8 
2.9 
Sum % 51.2 73.6 42.0 33.7 32.6 
Others 1.7 1.6 1.8 2.3 1.0 
Total 100 100 100 100 
100 
a Kurmaly et al., 1989a b 
Volkman et al., 1989 
Table 22 : Biochemical composition of animal feeds expressed as percentage 
of total dry weight. 
DIETS PROTEINS LIPIDS CARBO- REFERENCE 
HYDRATES 
ARTEMIA 
NAUPLII Gabaudan 
(Artemia salina) 69.02 12.84 9.25 et al., (1980) 
MUSSEL 
EGGS Holland, D. L., 
(Myt i lus edulis) 60.6 12.1 1.5 (1978) 
CRAB 
EGGS Holland, D. L., 
(Hyas araneus) 56.5 21.9 0.8 (1978) 
ROTIFERS Ben-Amotz 
(B. plicatilis) 32.0 20.1 44.9 et al., (1987) 
BARNACLE 
NAUPL II Holland, D. L., 
(E. modestus) 63.7 8.1 2.0 (1978) 
Figure 1. Larval growth response of P. monodon protozoeal larval 
stages to different algal species at cell concentrations 
of 20,30,40,50 and 60 cells µl-1. Vertical bars are 
standard deviation. 
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Figure 2. Percentage larval survival of P. monodun protozoeal 
stages to different algal species at different cell 
concentrations of 20,30,40,50 and 60 cells 4l-1. 
Verticial bars are standard deviation. 
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Figure 3. Larval growth and percentage survival of P. monodon larvae 
to postlarval stages on a mixed algal diet of R. baltica 
and T. chuii on different cell concentrations. 
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Figure 4. Larval growth of P. monodun ( M1 - PL1 ) on animal diets 
in replicate feed trials. Vertical bars are standard 
deviation. 
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Figure S. Percentage survival of P. monodon larvae ( M1 - PL1 ) on 
animal diets in replicate feed trials. vertical bars are 
standard deviation. 
90 
80 
ai 70 rn 
rv 
N 
to 
60 
CA 0 C 
C 0 0 50 
c 
0 
E 
cl: I 
(v 
40 
L 
D 
N 
Q1 
f9 
30 
, a v 
C 
d 
a 
20 
10 
0 
LEGEND 
Bachionus plicatilis Bp 
Mytilus edulis Me 
Artemia sauna As 
Elminius modestur Em 
Hyas araneus Ha 
Bp Me As Em Ha 
Animal feeds 
SECTION 2 
Growth and survival of Penaeus monodon 
larval stages on artificial diets 
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INTRODUCTION 
Increasingly a wide range of artificial larval diets have 
been developed in the laboratory and on a commercial scale 
using different process techniques to act as partial or 
complete substitutes for live feeds in fish, bivalves, crabs 
and prawn hatcheries. 
Although artificial food particles have been shown to be 
acceptable to a wide range of crustacean larvae (Ling, 1967; 
Paffenhofer and Strickland, 1970; Jones et al., 1972; Teshima 
et al., 1982), only a few, have been reported to support 
metamorphosis of prawn larvae (Jones et al., 1979a; Jones et 
al., 1979b; Kanazawa et al., 1982; Teshima and Kanazawa, 1983; 
Kanazawa, 1989; Kurmaly et al., 1989a; Kashio et al., 1989). 
Currently the artificial larval diets marketed using 
different process technologies are in dehydrated form, either 
as spray dried natural algae or yeast, microparticulates, 
microspray dried formulation or microencapsulated feeds. The 
microencapsulated technique introduced by Chang et al., (1966) 
to produce nylon-protein microcapsules containing haemoglobin 
to simulate red blood cells was modified by Jones et al., 
(1974) to encapsulate and deliver nutrients within a nylon 
cross-linked protein membrane and used to successfully rear 
filter feeding Artemia. Further development of the diet 
formulation produced feeds which supported the laboratory 
culture of P. japonicus Bate from nauplius to postlarva in the 
absence of all conventional live foods (Jones et al., 1979a). 
Whilst the nylon-protein capsule was suitable for laboratory 
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scale experimentation, the wall membrane was too thin to with 
stand drying and thus impractical to use on a commercial scale 
(Jones et al., 1987). Recently, further refinement of the 
methodology by Jones et al., (1987) produced non-toxic 
protein-walled microcapsules of differing sizes which could be 
dried for storage and rehydrated for use as a larval feed. The 
commercial manufacturing process of artificial larval feeds is 
patented (British patent No. s 79437454 and 2103568). 
Microparticulate diets are normally prepared using presieved 
(appropriate sizes) dry ingredients which are mixed thoroughly 
with binders. The ingredient mixture is set by heating or 
mixing with alginates, oven or freeze dried, then ground and 
sieved through appropriate meshes (Kanazawa et al., 1985; Alava 
and Lim,, 1988) for larval or post larval feeding purposes. 
Spray dried natural diets are sprayed forms of modified 
yeast/algae with elevated levels of HUFA and other essential 
ingredients, which are freeze dried (Artemia Systems sales 
literature). The spray formulation process involves spraying 
of homogenised mixture of ingredients into hot air. 
The purpose of this study was to evaluate the performance 
of leading types of artificially produced diets of each process 
type, microparticulates, spray formulation, spray dried 
natural diets and microencapsulated feeds for P. monodon (Fab. ) 
larvae under controlled laboratory conditions and to attempt to 
evaluate factors causing variability in larval growth and 
survival in replicated trials. Factors examined were gross 
nutritional contents of the feeds,, particle sizes rehydrated 
over 24h, leach loss of dietary solubles which promotes 
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breakdown of feed particles and increases production of 
bacteria in culture water. This was measured as bacterial 
colonies per ml. grown on ZoBell's medium. Water quality 
factors such as levels of nitrite (NO 2* 
N), ionised ammonia 
(NH 
4 
+. N) unionised ammonia (NH 3* 
N) and pH were also examined 
in the larval culture medium. 
Calculation of percent gain in growth by P. monodon 
larvae, and feed efficiency were also estimated. 
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MATERIALS AND METHODS 
Ten leading brands of commercially available artificial 
larval diets (table 1) were used to rear P. monodon (Fab. ) 
larvae from protozoea (PZ1) to post larval (PL1) stage under 
controlled conditions. P. monodon nauplii obtained from a 
single spawning were flown in from the Frippak Research Centre 
at Findon, Aberdeen, and groups were fed on each diet in 
replicated trials. Growth as body length (B. L. ) was taken from 
the base of the rostrum to telson tip excluding caudal spines 
(Cook and Murphy,, 1971), F and percentage survival of larvae 
were recorded to assess diet performance. 
The larva at PZ1 stage were stocked at 100 litre in 
2-litre round bottom flasks using U/V-irridated seawater 
filtered through 0.2 gm cartridge filter. Salinity of the 
culture water was 32%4) and temperature was maintained at 
28±1 0 C. Gentle aeration was supplied through a glass tube at 
the bottom of the flask at the rate of 2-3 air bubbles sec. -1 1 
which provided not only dissolved oxygen but also kept the feed 
particles in suspension. Rehydrated artificial feeds (0.5g. in 
100 ml. sea water) were given to larvae as equal rations 4 
times a day (1000h, 1400h, 1800h and 2200h), the ration levels 
were 8 mg. litre-1, from PZ1 to PZ3 and 16 mg. litre-1 from 
Mysis (Ml) to PL1 stage. According to manufacturers' 
instructions larval feeds were also supplemented with 
microalgae as a co-feed at 5 cell gl-1. of Rhodomonas baltica 
and 5 cells 91-1. of Tetraselmis chuii in a ratio of 1: 1. 
Rehydrated feeds were refrigerated at 4-50C for subsequent use. 
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Controls were fed on live feeds of microalgae at 20 cells gl-1 
R. baltica and 20 cells gl-1 of T. chuii in a ratio of 1: 1 from 
PZ1 to PZ3, and newly hatched Artemia (San Francisco Bay Brand) 
nauplii at 5. ml. -1 from M1 to PL1. Percentage survival and 
growth of larvae was monitored from each treatment every other 
day. 
50% of the water in the culture flask was exchanged daily 
to renew water quality which deteriorates with unstable feeds 
which leach soluble components, together with larval excretion. 
To determine factors affecting diet performance, ionised 
ammonia (NH 40 
N) was measured by the Phenolhypochlorite method 
(Solarzano, 1969), and the unionised ammonia (NH 3* 
N) calculated 
from Bower-Bidwell's equation based on Whitfield's theory 
(Whitfield, 1974; Bower and Bidwell 1978). Nitrite (NO 2* 
N) was 
measured from procedures described by Bendschneider and 
Robinson (1952). Other parameters examined were proximate 
organic content of the diet, percentage loss of dietary 
solubles, particle stability and bacterial growth. 
The proximate percentage organic content of artificial 
larval diets was estimated by the combustion process (Parson et 
al.,, 1985). 1 gm of the diet sample was placed in a preweighed 
crucible, the crucible containing the diet was placed 
in a 
muffle furnace at 450-5000C for 24h. The feed residue 
in the 
crucible was weighed and subtracted from the weight of the 
original diet sample, and percentage organic content was 
calculated. Organic content estimation was replicated for each 
of the artificial diets used in the feeding trial. 
Percentage loss of. dietary solubles was estimated by 
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rehydrating 0.5 gm dry weight of artificial larval diet in 
100 ml filtered sea water in a conical flask at 28t10C with 2-3 
air bubbles per second to agitate and keep the feed particles 
in suspension. The contents of the flask were filtered through 
preweighed GF/C filter papers and placed in an oven at 600C for 
24h. The residue feed on the filter paper was weighed and 
percentage loss of dietary soluble was estimated for 4,12, and 
24h after rehydration. Estimates for dietary loss were 
replicated. 
Feed particle sizes and the stability of the diets were 
measured under the microscope using a calibrated ocular 
micrometer. The feed particle sizes were measured as dry 
particles and rehydrated particles after lh and 24h of 
immersion in water. The feed particles were evenly spread on a 
glass slide and approximately 100 particles were measured for 
their diameter randomly. 
Bacterial growth was monitored in the culture water 
containing artificial feeds after 24h of feeding. Bacteria 
were grown on culture medium agar which contained sea water 
enriched by 0.5% peptone, 0.1% yeast extract and 0.01% ferric 
phosphate (Oppenheimer and ZoBell, 1952). Following autoclave 
sterilization the pH of the medium was adjusted to between 
7.5 - 7.6. The culture plates innoculated with seawater 
containing feeds were incubated in an oven for 24h at 36°C. 
Bacterial colonies were counted and expressed as number of 
colonies per ml. 
Calculation of percent gain in growth and feed efficiency 
were estimated according to Deshimaru (1982). Linear and 
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multiple stepwise regression were performed to evaluate larval 
growth and survival with dietary leach losses and the effects 
of ionised ammonia, unionised ammonia, nitrites and pH on 
larval growth and survival. In order to determine whether 
differences in larval growth and survival on each diet 
treatment were statistically significant, analysis of variance 
(ANOVA) one-way was used together with a test for homogeneity 
of variance (Bartlett's test) , followed by Scheffe's multiple 
pairwise comparison to identify differences between individual 
treatment means at P=0.05 level of significance. 
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RESULTS 
DIETARY COMPOSITION OF FEEDS 
Figure 1 shows the organic content of artificial larval 
diets used, together with proximate dietary composition of 
major nutrients as given by the feed manufacturers. These are 
compared to average values for phyto and zooplankton. Protein 
levels in the diets were between 40 to 50%, lipid ranged from 
12 to 39% and carbohydrates were incorporated at levels ranging 
from 1 to 35%. No obvious correlation exists between organic 
content or composition and performance. However details of 
vitamins and other additives were not known for many of the 
diets and more importantly their availability for assimilation. 
ARTIFICIAL DIET AS TOTAL REPLACEMENT 
The performance of leading brands of artificial diets as 
total replacements in the absence of conventional live feeds 
was evaluated for larval growth and survival of P. monodon 
larvae. Amongst the ten artificial larval diets used the 
modified microencapsulated feed 'F'and spray dried formulation 
diet 'J' were able to support larval growth and survival to PL 
stages. 
All other artificial larval feeds used as total 
replacements for P. monodon larvae were unable to support 
metamorphosis beyond PZ2 larval stage (Fig. 2). One-way ANOVA 
(table 2) shows that larval survival on microencapsulated diet 
'F' and spray dried formulation diet 'J' was not significantly 
different (P > . 148) from live feed controls. Larval growths 
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(table 3a) on the same diets however showed a significant 
difference (P < . 05) compared to the live feed control. 
multiple pairwise comparison (table 3b) shows that the live 
feed control (microalgae 40 cells gl-1 and 5. ml-1 Artemia) 
performed significantly better than the artificial diets. 
Amongst the artificial diets microencapsulated feed diet 'F' 
gave significantly better growth than larval growths obtained 
on all other formulations. 
ARTIFICIAL LARVAL FEED TRIAL WITH MICROALGAE AS CO-FEED 
Larval Growth. 
Artificial larval diets produced from each manufacturing 
process were evaluated in terms of larval growth and survival, 
when the diets were supplemented by live microalgae R. baltica 
and T. chui i at 5 cells pl-1 each throughout the feed trial 
period in a ratio of 1: 1. With the exception of diet IGI 
(microparticulates) and diet IEI (spray dried algae) all other 
diets were able to sustain larval growth and survival to PL 
stages (Fig. 3). One-way ANOVA (table 4a) shows larval growth 
on all diets to be significantly different (P < 0.05). 
Multiple pairwise comparison (table 4b) shows mean larval 
growth attained on control diet ILI (20 cells gl_1 R. baltica 
and 20 cells gl -1 T. chuii and 5. ml 
-1 Artemia) were 
significantly better than all artificial diets tested. Amongst 
the artificial larval diets, growth achieved on 
microencapsulated diet IF' was significantly better than 
growths achieved on diets E, G, A, H, D, I and C. Larval 
growth was not significantly different from spray 
dried 
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formulation diet 'J' and microbound particulate diet 'B'. 
Larval growth achieved on spray dried formulation diet 'J' 
were not significantly different (P < 0.05) from larval growths 
achieved on spray dried formulation diets it C and 
microparticulate diet IBI. Larval growth obtained with 
microparticulate diet 'IBI was significantly better than mean 
growth obtained on diet 'E' (spray dried algae), diet 'G', 'A' 
(microparticulate), diet 'H' (spray dried formulation) and diet 
'D' (spray dried yeast), but growth was not significantly 
different from spray dried formulations diet 'I' and 'C'. 
Larval growth on the spray dried formulation diet 'C' was 
significantly better than diets E, G, A, H and D, but growth 
was not significantly different from that achieved on diet 'I'. 
Larval growth on diet IDI (spray dried yeast) was significantly 
better than mean growth obtained on diet 'E' (spray dried 
algae) and diet 'G' (microparticulates), but larval growth was 
not significantly different from that on microparticulate diet 
'A' and spray dried formulation diet 'H'. Similarly larval 
growth on spray dried formulation diet 'H' was different from 
that on diet 'E' and 'G', but growth was not significantly 
different from that on microparticulate diet 'A'. 
Larval growth on microparticulate diet 'A' was 
significantly different from larval growth achieved on the 
spray dried formulation 'H' and spray dried yeast diet 'D'. 
Growth performance on spray dried algae diet 'E' and 
microparticulate diet 'G' was poor, these two diets maintained 
larvae only to the PZ2 stage of development. 
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Percent Larval Survival 
One-way ANOVA indicates that the performance of artificial 
larval diets in terms of larval survival were significantly 
(P < 0.05) dif f erent (table 5a) Mean survival to PL stages 
ranged between 0 to 89%. 
Scheffes multiple pairwise comparison (table 5b) between 
different diets shows that larval survival on live feed control 
diet ILI were not significantly different (P < 0.05) from mean 
percentage survivals obtained on the spray dried formulation 
diet III, fit and microencapsulated diet 'Ff. Larval survival 
on spray dried formulation diet IHI was significantly better 
than that on diets "El (spray dried algae), IGI 
(microparticulates), IDI (spray dried yeast), ICI, IHI (spray 
dried formulation), IBI and 'At (microparticulates), but larval 
survival was not significantly different from that observed on 
diet 'It and diet 'Ff. Survival on microencapsulated diet IF' 
was significantly (P < 0.05) better than survival obtained on 
diets 'Ell **GIJF IDII ICI IHI and IB'. Larval survival however 
was not significantly different from survival obtained on diet 
'At and 'It. Larval survival performance on diet 'It was not 
significantly different from survival obtained on diets IDI, 
ICII lHIl `Bl and 'Al. Larval survival on diets W, IBIll IH, 1 
and Ic, was significantly different from diet 'Dl, IEI and IG' 
but survival was not significantly different within these 
treatments. Larvae on diets IEI and IG' did not metamorphose 
beyond larval stage PZ2. 
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LEACH LOSS OF DIETARY SOLUBLES 
Fig. 4 shows dietary leach loss from rehydrated artificial 
diets maintained at 28±10C after 4,12 and 24h of rehydration. 
This indicates that most diets lose over 25% of their contents 
into the soluble phase within 24h. The microencapsulated diet 
, IF' leached the least (18%). Microparticulate diet IG, * and 
spray dried algae diet IEI have dietary losses of 26.6-0s. and 
34.4% respectively during the first 4h of rehydration. As 
there is no evidence that penaeid larvae are able to derive 
more than a small proportion of their nutrition from solubles, 
leached diet is lost to the larvae. There is a negative linear 
correlation (fig. 5) between percentage survival (r -. 849) 
and larval growth (r = -. 763) and dietary leach loss. 
PRODUCTION OF IONISED, UNIONISED AMMONIA AND NITRITE IN FEED 
TRIALS. 
Production of NH 4 
+. N (Fig. 6), NH 
30 
N (Fig. 7) and NO 2N 
(Fig. 8) were measured for each of the artificial diets over a 
period of 4h, 12h and 24h incubated in aerated seawater. The 
ammonium products liberated from each of the artificial diets 
on their own remained below the toxic levels recommended by 
Wickins (1976) and more recently by Chin and Chen, (1987) and 
Chen and Chin, (1988). However, consistent nutrient loss from 
artificial diets in feed trials together with nitrogenous waste 
excreted by the larvae promotes the accumulation of toxic 
ammonia and nitrite. Despite water renewals of 50% day-' in 
the culture vessels during the feed trials, ammonia and nitrite 
levels did not decline. The levels of these toxicants in 
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cultures supplied with different feeds throughout the 
metamorphic stages of larval development are summarised in 
figures 9,10,11,12,13,14,15,16,17,18,19 together with 
percentage survival and growth of larvae. Accumulated levels 
of toxicants appear to produce a physiological stress on both 
larval growth and survival, constant exposure to high levels of 
NO 
2N 
(> 100 gg. 1-1) suppresses larval growth, the swimming 
activity becomes sluggish in early PZ stages and the larvae 
stop feeding. This is evident from the absence of the long 
faecal chains,, produced by healthier larvae in culture water 
containing low levels of toxicants (controls fig. 9). Cultures 
fed diets IGI and 'E' which showed a high leach loss of soluble 
nutrients (40 and 44% respectively) , revealed high levels of 
NO 
2 
N, NH 
4 
+. N and NH 3N 
measured on day 7 (Fig. 18 & 19). In 
these cultures larval mortality occurred on day 9 and day 13 of 
the feed trial at larval stages PZ3/M1 and M2 respectively. 
Multiple regression of water quality variables NH 4 
+. N, 
NH 
3 
Nj, NO 
2N and pH,, 
measured during the feed trial, against 
larval survival demonstrated a significant effect (P < 0.05) 
(r 0.870). Stepwise regression identified NO 2" 
NF NH 
3* 
NF 
NH 
4. 
N and pH (table 6a) as factors causing a significant 
(P < 0.05) effect upon larval survival. 
Similarly, multiple regression of these variables against 
larval growth also produced a significant effect (P < 0.05) 
(r = 0.748). In this case NH 4+- 
Nf NH 
3. 
N and- NO 2. 
N (table 6b) 
also demonstrated a significant detrimental effect on larval 
growth. 
51 
STABILITY OF ARTIFICIAL DIETS 
Fig. 20 details optimum particle sizes ingested by the 
larvae of P. monodon fed on carbon particles and latex beads. 
The smaller particle sizes ingested when carbon particles were 
used, are probably due to breakdown of carbon by the larval 
mouth parts. Fig. 21, plots the median particle size of 
leading feeds measured dry, after 1h rehydration and after 24h 
rehydration in seawater. Many feeds appear to have a large 
initial particle size which is rapidly broken down after 
contact with seawater. 
BACTERIAL PRODUCTION 
The breakdown and leaching of nutrient into the soluble 
phase by unstable diets placed in sterilized seawater at 28±10C 
rapidly leads to bacterial growth. Bacterial growth was 
measured as number of bacterial colonies grown on ZoBells 
medium innoculated with samples of culture water taken from the 
feed trials. Fig. 22 shows that once again bacterial 
contamination appears to be generally related to leach loss. 
Microparticulate diet IGI which has a high leach loss (40%) has 
a higher number of bacterial colonies (93. ml -1 ). Diets which 
had low leach losses had relatively fewer bacterial colonies. 
Microencapsulated diet IF-* had a leach loss of 18% over a 
period of 24h and cultures produced bacterial colonies of 
26. ml-1. spray dried formulation diet IJI had a leach loss of 
21% with bacterial colonies of 30. ml-1. Microparticulate diet 
'BI had a 25% leach loss and 39. ml-1 bacterial colonies, spray 
dried formulation diet fIf had leach loss of 29% with 33. ml-1 
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bacterial colonies. However great variability is present at 
intermediate levels. There is a weak correlation (r = 0.274) 
between number of bacterial colonies and leach loss of dietary 
solubles from artificial diets. 
FEED EFFECT IV NE SS 
Calculation of percentage gain in growth and feed 
efficiency by P. monodon larvae, at postlarval stage was 
estimated for the feed trial period. A total of 112mg. litre-1 
(dry weight) of artificial diet was provided to larvae through 
metamorphosis from PZ1 to PL1 stage (8mg. 1-l. day-1 from PZ1 to 
PZ3 and 16mg. 1-l. day-1 from M1 to PL1). Percentage growth 
gains and feed efficiencies obtained from each of the 
artificial diets used in the feed trial have been ranked (table 
7), these estimates were calculated according to Deshimaru 
(1982) . 
Amongst the artificial larval diets, microencapsulated 
diet IFI produced a high percent gain in growth of 418% in 
P. monodon larvae and a high feed efficiency of 323% was 
obtained. This was followed by larvae fed on spray dried 
formulation diet IJI which showed growth gains of 367% from PZ1 
to PL stages with a feed efficiency of 314-176. Larvae f ed on 
microparticulate diets IBI and 'A, ' achieved gains in growth 
between 386 and 313% with feed efficiencies of 241 and 199% 
respectively. Larvae fed on spray dried formulation diet 'HI 
had comparatively lower growth gains (295%) and feed efficiency 
(193%), leach loss of dietary nutrient from diet IHI was 36.6%. 
Generally, higher leach losses of soluble nutrient components 
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decreased feed efficiency and larval growth, larvae fed on diet 
and IEI had high leach losses of 40 and 44-10. respectively 
and showed mortality. 
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DISCUSSION 
The organic content of most artificial larval diets 
compares favourably with that of natural algae and zooplankton, 
but it is likely that some of the diets used in the feed trial 
were nutritionally inadequate. Differing ratios of 
protein-carbohydrate-lipid together with levels of 
micronutrients, may have contributed to poor larval growth and 
survival through metamorphosis. Protein : Lipid ratios in 
artificial diets tested ranged from 1.6: 1 to 4.1: 1,, few come 
close to that in natural diet (6.3: 1). The inclusion of live 
microalgae at 10 cells gl-1 as a supplemental co-feed with 
artificial diets produced improved larval growth and survival 
for most of the feed types used in the feed trial. The algal 
feed combination (R. baltica and T. chuii) provides all the 
micronutrients essential for larval growth. Some of the 
essential nutrients such as amino acids, vitamins and trace 
minerals incorporated into artificial diets may be denatured 
during the feed manufacturing process (New, 1987),, or these 
nutrients may have been lost as a result of leach loss into the 
soluble phase. Amongst the artificial feeds tested, 
microencapsulated diet IF' had the lowest leach loss over 24h 
and supported the best growth. Jones et al., (1987) reported 
losses of only 18.9% protein from cross-linked protein 
microcapsule,, Langdon, (1989) described microencapsulation to 
efficiently retain protein, with losses of less than 5% protein 
when suspended in seawater for 24h. In contrast 
microparticulated diet IGI and spray dried algae diet 'EI had 
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comparatively high nutrient losses (40 and 44% respectively) . 
These diets could not possibly meet the nutritional 
requirements of all larval stages and hence the larvae did not 
reach higher developmental stages. Goldblatt et al., (1979; 
1980) reported losses of amino acids, water soluble vitamins 
and certain minerals from uncoated conventional compounded 
feeds. As there is no evidence that penaeid larvae are able to 
derive more than a small proportion of their nutrition from 
solubles, leached diet is lost to the larvae. A negative 
linear correlation was found between dietary leach loss and a 
decline in larval survival and growth (Fig. 5). 
The breakdown and leaching of soluble components from 
rehydrated artificial diets not only decreases food 
availability for larval growth, but also pollutes culture water 
by increasing the production of bacteria and fouling larval 
cultures (Jones et al., 1974,1975,1987; Amjad and Jones 
1989a). Despite water renewals of 50% day-' in culture 
vessels, levels of toxic ammonia and nitrite do not decline. 
Accumulation of NH 4 
+. N and NO 2N result not only 
from the 
breakdown of unstable feed particles, but also by the 
nitrogenous waste products excreted by the larvae. Nitrite 
levels above 100 gg. 1-1 produce physiological stress on early 
protozoeal stages, observed as a loss of appetite revealed by 
the empty larval gut and the absence of faecalchain when food 
was abundantly available. Multiple stepwise regression of 
water quality variables NH 4 
+. N NH 
3*N 
NO 
2N and pH measured 
in 
feed trials against larval growth and survival identifies 
NH 
4 
N, NH 
3N 
and NO 2N as 
factors causing a significant 
56 
(P < 0.05) detrimental effect both on larval growth and 
percentage survival. It is well documented that accumulated 
levels of ammonia and nitrite adversely effect growth and 
survival of penaeid larvae (Wickins, 1976). Chen et al., 
(1986) also observed larval survival to be significantly 
depressed by nitrite levels of 78 gg. 1-1 in a Taiwanese 
hatchery. 
Many of the artificial diets appear to have a large 
initial particle size (Fig. 21) in view of the relatively small 
particle size (< 20 I. Lm) ingested by early larval stages of 
P. monodon (Fig. 20) it is surprising that some diet 
formulations support any growth and survival. Although 
breakdown of microparticulate and spray dried formulation diets 
do rapidly produce a range of acceptable sized particles on 
contact with seawater, many large sized particles are excluded 
from ingestion and remain in the culture water to contribute to 
pollution. 
In addition to contributing to water pollution, high leach 
loss from microparticulate and some spray dried formulation 
diet (diet -*H1,1D1, 'All 'Cl and 1B, 1) correlates with lower 
feed efficiency resulting in reduced gains in larval growth 
(table 7). In contrast microencapsulated diet -IF, ' has a low 
leach loss, a stable acceptable particle size and a high 
organic content. As a result, this diet supports high larval 
survival in laboratory trials when used as a-total replacement 
for live feeds, however, growth is usually less than that 
achieved on live algae and Artemia (Jones and Kurmaly, 1987). 
These authors have shown that growth, similar to that achieved 
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on live feeds may be obtained by the addition of only 10 live 
algal cells gl-1 to larval cultures fed in combination with 
microencapsulated feed. Perhaps the underdeveloped digestive 
system of newly hatched larvae is unable to cope efficiently 
with nutrients supplied in an encapsulated form? Alternatively 
algal diets supplied at low levels contain essential 
micronutrients missing from artificial diets. Another 
possibility is that algae may remove toxic ammonia and nitrite 
from the water, or even act to stimulate ingestion and 
assimilation of nutrients. 
However for most artificial diets stability appears to be 
a key factor with a strong correlation between leach loss and 
survival and growth. Leach loss promotes breakdown of 
particles, increases production of bacteria and the release of 
toxicants such as ammonia and nitrites. Best larval 
performance requires a high energy diet which remains stable, 
has low nutrient leach losses and a constant supply of 
acceptable particle sizes. However it is clear that the 
inclusion of live algae as a supplemental co-feed gives better 
larval growth and survival. The next section investigates the 
role of microalgae in larval feed trials. 
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Table 1: Artificial larval diets used in comparative larval rearing trials 
with P. monodon larvae. 
ARTIFICIAL RATION SIZE 
DIETS FEED TYPE PZ1-PZ3 Ml-PL1 CO-FEED 
111 FEED A MICROPARTICULATE 8mg. 1- . d- 16mg. 1- . d- Microalgae 
10 Cýd- 
1 
-1 -1 FEED B MICROPARTICULATE 8mg. 1 .d 
-I-1 FEED C SPRAY DRIED 8mg. 1 d 
FORMULATION 
-1-1 FEED D SPRAY DRIED 8mg. 1 d 
YEAST 
-1-1 FEED E SPRAY DRIED 8mg. 1 d 
ALGAE 
FEED F 
FEED G 
FEED H 
FEED I 
FEED J 
FEED L 
(CONTROL) 
-1-1 MICROENCAPSULATION 8mg. 1 .d 
MICROPARTICULATE 8mg. 1-1 d-1 
SPRAY DRIED 
FORMULATION 
SPRAY DRIED 
FORMULATION 
SPRAY DRIED 
FORMULATION 
LIVE FEED MICRO- 
ALGAE / FRESHLY 
HATCHED ARTEMIA 
8mg. 1-1 d-1 
8mg. 1-1 d-1 
8mg. 1-1 d-1 
-1 -1 16mg. 1. d 
-1 -1 16mg. 1. d 
16mg. 1 -1 .d 
-1 
16mg. 1-1. d-1 
16mg. 1 -1 -d 
-1 
16mg. 1 -1 -d 
-1 
16mg. 1 -1 .d 
-1 
16mg. 1 -1 -d 
-1 
16mg. 1 -1 -d 
-1 
40 cells Wl-1 5. ml-1. d- 
Microalgae 
10 CPLI- 
I 
Microalgae 
10 CAI 
1 
Microalgae 
10 CAI 
1 
Microalgae 
10 cAl 
1 
Microalgae 
10 CfLl 
1 
Microalgae 
10 CIA I 
Microalgae 
10 CpLl 
1 
Microalgae 
10 CPLI 
I 
Microalgae 
10 CR1 
I 
Table 2: Statistical analysis of larval survival of P. monodon larvae (PL1) 
on artificial diet as total replacement 
ANALYSIS OF VARIANCE 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB. 
BETWEEN GROUPS 2 1483.0833 741.5417 3.8480 . 1485 
WITHIN GROUPS 3 578.1250 192.7083 
TOTAL 5 2091.2083 
STANDARD 
FEEDS CODE MEAN DEVIATION 
DIET F 70.5000 ±10 . 6066 
DIET 1 55.2500 ±21 . 5668 
DIET L 93.5000 . 7071 
Tests for Homogeneity of Variances 
Cochrans C= Max. Variance/Sum (Variances) = . 8045, P=. 309 
Bartlett-Box F=2.242 ,P= . 131 
Table 3a: Statistical analysis of larval growth of P. monodon larvae (PL1) 
on artificial diets as total replacement 
ANALYSIS OF VARIANCE 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB. 
BETWEEN GROUPS 2 2.1550 1.0775 21.1855 . 001 
WITHIN GROUPS 57 2.8990 . 0509 
TOTAL 59 5.0540 
STANDARD 
FEEDS CODE MEAN DEVIATION 
DIET F 4.7749 t . 2601 
DIET 1 4.5293 ± . 2385 
DIET L 4.9932 ± . 1676 
Tests for Homogeneity of Variances 
Cochrans C= Max. Variance/Sum (Variances) . 4432, P= . 328 
Bartlett-Box F=1.831 ,P= . 160 
Table 3b: Summary of significance of pairwise comparison between artificial 
diets (total replacement) 
DIETS 
FEED CODE MEAN 
IiFL 
DIET 1 4.5293 
DIET F 4.7749 
DIET L 4.9932 
(*) Denotes pairs of groups significantly different at the 0.050 level 
Table 4a: Statistical analysis of larval growth of P. monodon larvae ýPL1) 
on artificial diets supplemented by algae at 10 cells Al-1. d- - 
ANALYSIS OF VARIANCE 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB. 
BETWEEN GROUPS 10 60.8548 6.0855 161.4625 . 001 WITHIN GROUPS 81 3.0529 
. 0377 TOTAL 91 63.9077 
FEEDS CODE MEAN 
STANDARD 
DEVIATION 
DIET F 5.1003 
. 2183 DIET B 4.7890 
. 2697 DIET C 4.6394 
. 1376 DIET A 4.0677 
. 2553 DIET D 4.1595 
. 1821 DIET 1 4.5557 . 2522 DIET 1 4.8496 . 1064 DIET H 4.1152 . 1034 DIET E . 0000 DIET G . 0000 DIET L 5.5059 . 1263 
Tests for Homogeneity of Variance 
Cochrans C= Max. Variance/Sum (Variances) 
. 2145, P= . 297 Bartlett-Box F=2.374 
,P= . 015 
Table 4b: Summary of significance of pairwise comparison, larval growth and 11 artificial diets supplemented by algae at 10 cell pl , d- 
DIETS 
T7 MEAN I EEDS 
IEGAHDIcBiFL 
. 0000 DIET E 
. 0000 DIET G ns 
4.0677 DIET A 
4.1152 DIET H ns 
4.1595 DIET D ns ns 
4.5557 DIET I 
4.6394 DIET C ns 
4.7890 DIET B ns ns 
4.8496 DIET J ns ns - ns 
5.1003 DIET F ns ns 
5.5059 DIET L 
(*) Denotes pairs of groups significantly different at the 0.050 level 
ns indicates a non-significant result 
Table 5a: Statistical analysis of larval survival of P. monodon larvae 
(PL1) on artificial diets supplemented by algae at 10 cells 
Al 
1A -1 
. 
ANALYSIS OF VARIANCE 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB. 
BETWEEN GROUPS 10 13224.2000 322.4200 40.2087 . 001 
WITHIN GROUPS 9 296.0000 32.8889 
TOTAL 19 13520.2000 
FEEDS CODE MEAN 
DIET F 76.0000 
DIET B 42-0000 
DIET C 40.0000 
DIET A 45.0000 
DIET D 39.0000 
DIET 1 71.0000 
DIET 1 84.0000 
DIET H 41.0000 
DIET E . 0000 
DIET G . 0000 
DIET L 89.0000 
STANDARD 
DEVIATION 
t 5.6569 
t 4.2426 
t 2.8284 
t 11-3137 
t . 0000 
1.4142 
8.4853 
4.2426 
± 4.2426 
Tests for Homogeneity of Variances 
Cochrans C= Max. Variance/Sum (Variances) . 4324, P . 
349 
Bartlett-Box F= . 521 ,P . 817 
Table 5b: Summary of significance of pairwise comparison, larval survival -1-1 
and artificial diets supplemented by algae at 10 cells Al .d 
DIETS 
MEAN FEEDS EGDcHBAIFL 
. 0000 DIET 
E 
. 0000 DIET 
G ns 
39.0000 DIET D ns ns 
40.0000 DIET C ns 
41.0000 DIET H ns ns 
42.0000 DIET B ns ns ns 
45.0,000 DIET A ns ns ns ns 
71.0000 DIET I ns ns ns ns ns 
76.0000 DIET F ns ns 
84.0000 DIET J ns ns 
89.0000 DIET L ns ns ns 
(*) Denotes pairs of groups significantly different at the 
0.050 level 
ns indicates a non-significant result. 
Table 6a: ANOVA table for regression of water quality variables against 
larval survival 
ANALYSIS OF VARIANCE 
D. F. SUM OF SQUARES MEAN SQUARE F. SIG. F 
REGRESSION 4 45556.21515 11389.05379 56.3600 . 001 RESIDUAL 72 14549.51940 202-07666 
VARIABLES IN THE EQUATION 
VARIABLE B SE B BETA T SIG. T 
NH3 -. 951973 . 200917 -. 861135 -4.738 . 0001. S 
PH 13.172468 1.307294 . 600554 10.076 . 0001 S 
N02 -. 346271 . 060848 -. 533242 -5.691 . 000.1 S 
NH4 . 033270 . 011105 . 585780 2.996 . 0038 
S 
(constant) . 018554 10.045798 . 002 . 
9985 
Multiple R . 87059 
R Square . 75793 
Adjusted R Square . 74449 
Standard Error 14.21537 
Table 6b: ANOVA table for regression of water quality variables against 
larval growth 
ANALYSIS OF VARIANCE 
D. F. SUM OF SQUARES MEAN SQUARE F. SIG. F 
REGRESSION 4 90.02152 22.50538 22.9528 . 001 
RESIDUAL 72 70.59634 . 98050 
VARIABLE B 
VARIABLES IN THE 
SE B 
EQUATION 
BETA T SIG. T 
NH3 -. 052449 . 013995 -. 
917786 -3.748 . 0004 S 
PH . 175231 . 
091063 . 154545 
1.924 . 0583 N 
N02 . 010569 . 
004238 . 314841 
2.494 . 0149 S 
NH4 . 003617 
7.7357 1.231876 4.675 . 0001 S 
(Constant )-. 033282 . 699763 -. 
048 . 9622 
Multiple R . 74865 
R Square . 56047 
Adjusted R Square . 53605 
Standard Error . 99020 
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Figure 2. Percentage survival and growth of P. monodon larvae 
at PL1 stage on artificial diets as total replacement 
to live feeds. Vertical bars are standard deviation. 
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Figure 3. Larval survival and growth of P. monodon to PLI stage 
on artificial diets supplemented by live microalgae 
at 10 cells pl-1 . Vertical bars are standard 
deviation. 
For diet codes see table 1. 
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Figure 4. Percentage loss of soluble compounds from leading 
artificial larval diets over 24h in seawater at 280C. 
For diet codes see table 1. Values are mean of two 
replicates. 
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Figure 5a. Percentage leach loss of dietary soluhles froTr artificial 
larval diets and its effect upon survival of P. monodon 
larvae in replicate feed trials. 
Linear regression coefficient: Y= 43.083 + (-0.257xX) . 
Correlation coefficient: r= -0.849 
Slopezz -0.2774 
DF =9, F= 20.52 1P=0.000. 
Figure 5b. Percent leach loss of dietary solubles from artificial 
larval diets and its effect upon larval growth of P. monodon 
in replicate feed trials. 
Linear regression coefficient: Y= 43.995 + (-3.4OOxX). 
Correlation coefficient: r= -0.763 
Slope = -4.8041 
DF =9fF= 11.16 fP=0.010. 
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Figure 6. Production of ionised ammonia ( NH4tN ) by leading 
brands of artificial larval diets over 24h incubated 
in seawater at 280C. Values are mean of two replicates. 
Diet codes are listed in table 1. 
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Figure 7. Production of unionised anmonia ( NH 3 *N ) by leading 
brands of artificial larval diets over 24h incubated 
0 in seawater at 28, C. Values are mean of two replicates. 
Diet codes are listed in table 1. 
Figure 8. Production of nitrite ( N02. N ) by leading brands of 
artificial larval diets over 24h incubated in seawater 
at 28*C. Values are mean of two replicates. Diet codes 
are listed in table 1. 
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Figure 9a. P. monodon larval survival (0) on control diet of 
live feeds, microalgae at 40 cells 41-1from PZ1 to 
PZ3 and Artemia fed at 5. ml- I from Ml to PL1 stages, 
plotted together with N02, N (A) I ýTH3*N (M) and 
NH4*N (o )levels in replicated feed trials. Vertical 
bars are standard deviation. 
Figure 9b. Larval growth (A ) and development of P. monodon 
larvae on control diets, plotted together with N02. N, 
NI43. N and NB4-ý'I levels in replicated feed trials. 
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Figure 10a. P. monodon larval survival (0) on spray dried 
formulation diet 'J' supplemented by 10 cells 41- 
microalgae, plotted together with N02. N 
NH 3N (M) and NH 4. N (0 ) levels in replicated 
feed trials. Vertical bars are standard deviation. 
Figure 10b. Larval growth ( A) and development of P. monodon 
larvae on diet IiI, plotted together with N02. Nj 
DTH 3. N and NH4. N levels in replicated 
feed trials. 
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Figure 1 la. P. monodon larval survival (0) on microencapsulated 
diet 'F' supplemented by 10 cells 41-1 microalgae, 
plotted together with ý702,1'T (A) r Týý3-1T (0) and 
I\TH4. N (0) levels in replicated feed trials. Vertical 
bars are standard deviation. 
Figure 1 1b. Larval growth (A) and development of P. monodon 
larvae on diet 'F', plotted together with N02. N, 
NH 3* N and NH VN 
levels in replicated feed trials. 
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Figure 12a. P. monodon larval survival (0) on spray dried formulation 
diet 'I' supplemented by 10 cells 41-imicroalgae, plotted 
together with N02. N (A) I NH39N (0) and NH4. N (0) levels 
in replicated feed trials. Vertical bars are standard 
deviation. 
Figure 12b. Larval growth (A) and development of P. monodon larvae 
on diet III, plotted together with N02. Nj I\TH3, N and 
NH4. N levels in replicated feed trials. 
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Figure 13a. P. monodon larval survival (0) on micropaticulate diet 'A' 
supplemented by 10 cells 41-1 microalgae, plotted together 
with N02. N (A) I N'13-N (M) and ýTB4, N (0) levels in 
replicated feed trials. vertical bars are standard deviation. 
Figure 13b. Larval growth (A) and development of P. monodon larvae 
on diet W, plotted together with N02. N, NH3. N and '\TB4. N 
levels in replicated feed trials. 
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Figure 14a. P. monodon larval survival (0) on microparticulate diet 'B' 
supplemented by 10 cells 41-1 microalgae, plotted together 
with NO 2' N (A) p NH 3*N (M) and NF 4*ýT (0) levels in 
replicated f eed trials. Vertical bars are standard deviaticn. 
Figure 14b. Larval growth (A) and development of P. monodon larvae 
on diet 'B' . plotted together with 
N02.1\T, ITH3. N and 7'ý4,1\T 
in replicated feed trial. 
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Figure 15a. P. monodon larval survival (0) on spray dried formulation 
diet 'H' supplemented by 10 cells 41-1 microalgae, plotted 
together with N02. N (All ? ýM3. H (N) and ýTH4. N (0) levels 
in replicated feed trials. Vertical bars are standard deviation. 
Figure 15b. Larval growth (A) and development of P. monodon larvae 
on diet 'H', plotted together with N02. Nj NH3. N and 
NH4, N 
levels in replicated feed trials. 
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Figure 16a. P. monodon larval survival (0) on spray dried formulation 
diet 'C' supplemented by 10 cells 41-1 microalgae, plotted 
together with N02. N (A) r ýTH3. H (H) and NIý4. N (0) levels 
in replicated feed trials. Vertical bars are standard deviation. 
Figure 16b. Larval growth (A) and development of P. monodon larvae 
on diet 'C', plotted together with N02. N, N'43. N and 
NH4. N 
levels in replicated feed trials. 
100 
80 
01 
- 60 
> 
> 
L 
fD 
> 
-j 
20 
0 
6-0 
5-0 
4.0 
s 
3-0 
2-0 
1.0 
0 
1357 
PZI PZ2 P Z2r Ml m1 
1500 
1250 
-0 
looo 
-r 
z 
750 
W- 0 
C 
0 
500 
250 
IIII10 
9 11 13 Period (days) 
7 F------i 
M2 M2-M3 P Ll Larval stages 
ONH4 Wi 
-11750 
0 NH4. N 
-1 17SO 
1500 
C71 
=L 
1250 
1000 
750 
a 
0 
500 
250 
0 
-.. do 
351: 1 ý'P-FIQU kUdybl 
Larva[ stages 
PZJ PZ2 PZSMJ Ml M2 M2 M3 PL1 
Figure 17a. P. monodon larval survival (0) on spray dried yeast diet 'D' 
supplemented by 10 cells 41-1 microalgae, plotted together 
with N02, N ( A), NH 3, N(0) and NH 4*'\T (0) levels in 
replicated feed trials. Vertical bars are standard deviation. 
Figure 17b. Larval growth (A) and development on spray dried yeast 
diet 'D', plotted together with 1'102-N, 1ýý3. N and NH4. N 
levels in replicated feed trials. 
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Figure 18a. P. monodon larval survival (0) on microparticulate diet 'C' 
supplemented by 10 cells 41-1 microalgae, plotted together 
with No 2' N (A), NH 3' N (0) and NH4. N (0 ) levels in 
replicated feed trials. Vertical bars are standard deviation. 
Figure 18b. Larval growth (A) and development of P. monodon larvae 
on diet 'G', plotted together with N02. N, ITI13. N and NH4. N 
levels in replicated feed trials. 
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Figure 19a. P. monodon larval survival (0) on spray dried algae diet 'E' 
supplemented by 10 cells 41- 
1 
microalgae, plotted together 
with N02. N (A) p NH3. N (0) and NH4. N (0) levels in 
replicated feed trials. Vertical bars are standard deviation. 
Figure 19b. Larval growth (A) and development of P. monodon larvae 
on spray dried algae diet 'E', plotted together with 
N02. Nj N'E'3. N and NH4. N levels in replicated feed trials. 
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Figure 20. Mean and range of particles selected by P. monodon larvae 
a) supplied with carbon powder 1-454m (0) , b) supplied 
with latex beads 1-304m 
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Figure 21. Median particle size of leading brands of artificial larval 
diets measured as dry, lh and 24h rehydration in seawater 
at 28"C. Feed particle sizes are mean of two replicates. 
Diet codes are listed in table 1. 
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Figure 22. Number of bacterial colonies from water samples taken 
in replicate from each feed regime after 24h at 280C. 
Figures in bracket are growth (m) of P. monodon 
postlarvae and percentage survival achieved in feed 
trials on each diet. Vertical bars are standard deviation. 
Diet codes are listed in table 1. 
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SECTION 3 
Role of microalgae in feed trials 
This section was presented at the World Aquaculture 
Conference in Los Angeles, California, February 1989. 
Title : Role of Algae in Conditioning Water Quality 
for Penaeid Larval Culture. 
Authors : S. Amjad and D. A. Jones. 
Journal of the World Aquaculture Society, Vol. 20 (1) 
: 12A. 
59 
-dd 
INTRODUCTION 
Apart from supplying all the nutrients essential for 
larval development microalgae may play an important role in 
conditioning water quality for penaeid larval culture. As the 
natural food for penaeid larvae it might be expected that algal 
metabolic products may act as chemoattractants and feeding 
stimulants which also facilitate larval growth and development. 
Recently it has been demonstrated that modification of the 
-'green water, ' larval culture system (Ling, 1969) for 
Macrobrachium spp. allows the production of postlarvae without 
any water change, despite extensive use of artificial diets 
(Ang and Cheah, 1986). Ammonia and its intermediate product 
nitrite, are common toxicants in prawn hatcheries. The 
accumulation of ammonia in culture water occurs due to protein 
catabolism, nitrogenous excretion by crustaceans (Hartenstein, 
1970; Hochachka and Somero., 1973) and by the breakdown and 
nitrification of uneaten organic matter (artificial diets) 
added as food. Between 40 to 90% of the nitrogen eliminated by 
crustaceans is ammonia (Parry, 1960), and is generally 
considered a major cause of mortality in unconditioned 
recirculatory culture systems (Spotte, 1970). In a conditioned 
system, ammonia stimulates nitrofying bacteria which first 
oxidize liberated ammonia and convert it into nitrite (NO 2) 
by 
Nitrosomanas. Nitrite is oxidized again to relatively 
non-toxic nitrate (NO 3) 
by Nitrobactor. 
Total ammonia nitrogen includes nitrogen in both ionic 
states (ionised [NH 4+] 
and unionised [NH 3 
]). Unionised ammonia 
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is considered the principle toxic form to aquatic species. The 
free base [NH 
3] 
has a relatively high lipid solubility because 
it carries no charge, and is therefore able to diffuse quite 
readily across cell membranes in the gills (Fromm and Gillette, 
1968). The ionised ammonia [NH 
4 
+] on the other hand penetrates 
these membranes less readily since it is charged and hydrated 
and consequently has a low lipid solubility (Whitfield, 1974). 
Ionised and un-ionised ammonia exist in an equilibrium state 
(NH 
4+, -c- --Ib 
NH3) in water. Factors which influence shifts 
between these two ionic states include temperature, salinity, 
and pH (Wickins, 1976). A shift of one pH unit (7 to 8) will 
increase NH 
3 
levels ten fold (Armstrong et al., 1978). 
Toxicity of ammonia is therefore greater at higher pH. The 
toxicity of nitrite increases with a decrease in pH because the 
relative portion of toxic un-ionised nitrous acid (HN02) 
increases (Russo et al., 1974; Colt and Tchobanaoglous, 1976). 
The toxic action of ammonia in aquatic fish, is due to the 
retention of ammonia in the blood, which interferes with the 
ability of hemoglobin to transport oxygen (Spotte, 1979). The 
toxic action of nitrite is to oxidize the iron in hemoglobin to 
methemoglobin in fish which is unable to transport oxygen 
(Smith and Williams, 1974; Smith and Russof 1975). This 
results into hypoxia and cyanosis (Kiese, 1974). it is likely 
that the same reaction may occur within the copper of 
crustacean hemocyanin and produce a detrimental effect on the 
growth and development of prawns and their larvae (Chen et al., 
1986). p. monodon larvae are commercially reared in static 
water hatcheries in Taiwan (Liao, 1977). Accumulation of 
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ammonia and nitrite in these static systems adversely affects 
the survival of larvae. Wickins, (1976) and more recently Chen 
and Chin (1987; 1988) have demonstrated the toxicity of both 
ammonia and nitrite to penaeid larvae such as P. monodon, and 
measured accumulation of these toxicants in hatcheries. 
Toxicity levels of NH 4 
+. Nj NH 
3N and 
NO 
2N affecting prawn 
culture have been cited from literature and are listed in table 
1- 
Present work examines the use of six algal species, 
-Skeletonema costatum (Greville), Chaetoceros calcitrans 
(Paulsen), Rhodomonas baltica (Karsten), Pavlova lutheri 
(Droop) , Tetraselmis chuii (Butcher) and Chlorella japonica 
(Shihara and Krauss) at four levels of cell concentration, 500, 
1000,1500 and 2000 gl-1 to act as 'biological filter' system, 
to control and detoxify levels of ammonia and nitrite in 
P. monodon larval cultures using artificial diets. The 
chemoattractability of live microalgae which may result from 
metabolic products secreted into the culture medium, and their 
effect on P. monodon larval growth and survival is also 
evaluated in a feed trial. 
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MATERIAL AND METHODS 
All experiments were conducted in 2 litre round bottom 
flasks containing aerated U/V sterilised sea water at 28±10C at 
a salinity of 32%c; Continuous illumination of 6.6 x 1015 
quanta sec. -1 cm 2. was maintained inside the flask by 
suspending a light source directly above the culture flask. 
portable laboratory Quantum Scalar Irradiance meter model QSL - 
100 was used to measure light. 
PRODUCTION OF AMMONIA 
Ammonia production in round bottom culture flasks was 
achieved by artificial diet, added at 4 mg. litre-l. day-1 (PZ1 
to PZ3) for six days and 8 mg. litre-1 day-' (Ml to PL1) for 
the next four days, with no water change and in the absence of 
larvae and microalgae. This feed level mimics actual amounts 
normally fed to P. monodon larvae. Ammonia and nitrite 
accumulate as a result of breakdown of feed components, levels 
of each was measured on alternate days. Ammonia (NH 4 
+. N) was 
measured by the Phenolhypochlorite method (Solarzano, 1969) and 
the unionised ammonia (NH 3' 
N) calculated from Bower-Bidwell 
(1978). Nitrite (NO 
2* 
N) was measured from procedures described 
by Bendschneider and Robinson (1952). pH was measured by WPA 
instrument CD 300. on day 11 the total volume of water in the 
culture flask was filtered through Watmans filter paper (No. 4) 
to remove remaining fragments of feed. The filtered water was 
ý returned to clean f lask and algae species were introduced 
ýseparately at four cell concentrations. 
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ALGAL CULTURES 
Non-axenic algal cultures of S. costatum, C. calcitrans, 
P. lutheri, T. chuii, R. baltica and C. japonica maintained in 
exponential phase in Conway medium (Walne, 1966) were harvested 
and centrifuged at 2000 r. p. m. for 3 minutes to remove algal 
metabolites. The supernatant was decanted and algae 
resuspended in fresh sea water. Cell counts were made using 
Coulter Counter model ZB and haemocytometer. Four cell 
concentrations (500, F 1000,1500,2000 gl- from each of the 
six algal species were introduced separately, into the culture 
flask containing known concentrations of ammonia and nitrite 
liberated from artificial diet. 
In another set of experiments cells of chlorella (500, 
1000,1500 and 2000 gl-1 ) were contained in a hollow 
transparent cylinder measuring 100mm in length and 20mm in 
diameter, the top and bottom ends were covered by a5 gm mesh 
cloth to prevent cells escaping into the culture medium. The 
cylinder containing algae was suspended vertically in the 
culture flask,, so that water could flow through the cylinder 
with the aid of air bubbles to encourage water circulation. 
All other experimental conditions were similar. 
Reduction in the levels of ammonia and nitrite 
concentrations were measured for each of the six algal species 
at four concentrations after 24 and 48h. respectively. All 
experiments were replicated. 
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ALGAE AS CHEMOATTRACTANTS 
Microalgae R. baltica and T. chuii at 40 cells gl_1 in a 
ratio of 1: 1 were contained in a transparent cylinder, (same 
procedure, described in the above section) together with 
P. monodon larvae. PZ1 stage larvae were provided with 
artificial diet in the presence of 'contained algae' suspended 
in the culture medium. No algal supplements were given. The 
purpose of this experiment was to examine, whether larval 
appetite or the digestion process would be stimulated in the 
presence of algae which could not be ingested. Larval growth 
and percentage survival were evaluated and compared with 
controls. Statistical analyses were employed using one-way 
ANOVA, together with Tukey's pairwise comparison. 
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RESULTS 
AMMONIA PRODUCTION FROM ARTIFICIAL DIET 
Total ammonia liberated from rehydrated artificial larval 
diet, together with nitrite levels, measured under culture 
conditions at 2 days interval for 11 days are shown in fig. 1. 
pH values and unionised ammonia (NH 
3* 
N) are tabulated in table 
2. Ammonia (NH 
4 
+. N) levels steadily increased from 222 gg. 1- 1 
on day 3 to 2116 gg. 1-1 on day 11. Unionised ammonia (NH 
3' 
N) 
also increased from 11.81 gg. 1-1 to 139.86 kig. 1-1. Nitrite 
(NO 
2* 
N) levels ranged from 21.62 to 314.7 4g. 1- and pH 
values remained between 7.96 to 8.1. In blank controls, levels 
of NH 
4 
+. N were 15 - 18.4 jig. 1-1, NH 3*N ranged 
f rom 0.6 5 to 
1.20 kLg. 1-11 NO 
20 
N measured between 7.3 to 8.55 gg. 1-1. and 
pH values were 7.9 to 8.1. 
Levels of NH 
4 
+. Nr NH 
3N and 
NO 
2N 
in control flask 
remained well below the recommended safe limits (table 1). 
ASSIMILATION OF AMMONIA BY ALGAE 
Six algal species (S. costatum, C. calcitrans, P. lutheri, 
T. chuii, R. baltica, C. japonica (free floating) and 
C. japonica (trapped) were added to the water containing 
ammonia and nitrite from the above experiment at 500,1000, 
1500 and 2000 cells gl-1 in separate experiments to ascertain 
their effect upon ammonia and nitrite. Algae reduced toxicant 
levels to safer limits in culture medium after 48h. Algae at 
all four cell concentrations assimilated ammonia and nitrite. 
Reduction in levels of ammonia in culture water by different 
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algae and cell concentrations are given below. 
Reduction of ammonia by algae at 500 cells gl-1. 
Fig. 2 and table 3,, shows that algal species tested at 500 
cells gl-1. were effective in assimilating ammonia from the 
culture medium after 24 and 48h. Trapped C. japonica reduced 
initial ammonia levels from 2116 gg. 1-1 to 1190 gg. 1 -1 in 24h 
and to 999.6 gg. 1-1 after 48h. Total ammonia assimilated by 
trapped C. japonica cells was 52.7-1o. Free floating cells of 
C. japonica at 500 cells gl-1 assimilated 43.7% ammonia after 
24h. A slight increase (9%) in ammonia levels was observed 
after 48h. The increase in ammonia level was probably due to 
cell mortality as dead algal cells liberate assimilated 
ammonia. Total ammonia uptake by C. calcitrans at 500 cells 
gl-1 was 46.9% after 48h. T. chuii effectively assimilated 
44.5-% of ammonia after 48h, followed by P. lutheri which 
absorbed 43.2% of ammonia after 48h. R. baltica at 500 cells 
gl-1 was less effective and only 15.6% ammonia was taken up 
from the culture water after 24h. An increase in ammonia 
levels by 2.7% was observed after 48h. Total ammonia absorbed 
by R. baltica was only 13.2% after 48h. S. costatum also 
assimilated 13.2% ammonia after 24h, levels of ammonia 
increased by 10% after 48h. S. costatum at 500 cells gl-1 was 
least effective, reducing ammonia levels by only 3% after 48h. 
Reduction of ammonia by algae at 1000 cells gl-1. 
Amongst the six algal species tested at 1000 cells gl -1 , 
free floating C. japonýca was most effective in utilizing 
67 
ammonia (Fig. 3, table 4). Ammonia levels declined in the 
culture flask from 2116 to 295.8 "g. 1-1 in 24h and to 
36 gg. 1-1 in 48h, 98% ammonia was absorbed. Trapped 
C. japonica reduced ammonia levels by 73.4% after 48h. 
T. chuii was also effective in lowering ammonia levels by 33.3% 
in 24h and by 63.8% after 48h. P. lutheri removed 51.7% 
ammonia from the medium after 48h. C. calcitrans reduced 
ammonia levels by 36.3% in 24h and 49.3% after 48h. 
S. costatum was less effective in absorbing ammonia, only 13% 
was taken up by the diatom after 48h. R. baltica was the least 
effective, ammonia levels were reduced by 13% after 24h, 
ammonia levels increased by 11% after 48h. Increase in ammonia 
levels was due to cell mortality, cell lysis giving off 
assimilated ammonia. 
Reduction of ammonia by algae at 1500 cells gl-1. 
Fig. 4 and table 5 show that algal species tested at 
1500 cells j. Ll-1 were also effective in reducing ammonia levels 
in culture medium. Free floating C. japonica were most 
effective. Levels were reduced from 2116 to 255 gg. 1-1 
(87.9%) in 24h and to 18.4 gg. 1-1 (99-oo-) after 48h. Trapped 
C. japonica removed 51.7% ammonia in 24h and 78.8% after 48h. 
C. calcitrans assimilated 52% ammonia from the culture medium 
in 24h and 54.2% after 48h. T. chuii was also effective 
in 
absorbing 51.7% ammonia after 48h. P. lutheri assimilates 
32.5% ammonia after 48h. S. costatum was effective 
in removing 
127.6% 
ammonia after 48h. R. baltica was the least effective 
in 
_reducing 
ammonia levels and only 13.2% was assimilated 
by the 
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algae after 48h. 
Reduction of ammonia by algae at 2000 cells 41-1. 
Algal species at 2000 cells gl-1 were also effective in 
assimilating ammonia, from the culture medium. Fig. 5 and 
table 6 shows that free floating C. japonica reduced ammonia 
levels by 99% in 48h; trapped cells effectively removed 71% of 
ammonia from the culture medium after 48h. Ammonia levels were 
reduced by 61.4% after 48h by T. chuii. C. calcitrans was 
effective in removing 52% ammonia from the medium. P. lutheri 
assimilated and removed 46.9% ammonia after 48h. S. costatum 
reduced ammonia levels by 37.3% after 48h. R. baltica was the 
least effective in reducing ammonia levels from the culture 
medium and only 3.5% was assimilated by the flagellate. 
ASSIMILATION OF NITRITE BY ALGAE 
The six microalgal species tested were effective in 
reducing nitrite levels accumulated in the culture medium from 
rehydrated artificial diet (56 mg. 1-1 dry weight) . Nitrite 
concentration measured ranged between 21.62 gg. 1-1 on day 3 to 
3 14.7 kig. 1 -1 on day 11 (table 2) - The effect of 
four algal 
cell densities 500 gl-1,1000 91-11 1500 g1-1 and 2000 kLI-1 
upon nitrite concentration in culture medium was ascertained. 
Reduction of nitrite by algae at 500 cells gl-1. 
Fig. ý6 and table 3 shows 
that free floating C. japonica at 
500 cells 91-1 was most effective 
in lowering nitrites in the 
medium. Levels were reduced from 314.7 gg. 
1- 1 to 
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156.4 gg. 1 -1 after 48h, a decrease of 50.3%. C. calcitrans 
assimilated 35.6% nitrites in 24h and 47.3% after 48h. 
T. chuii and C. japonica (trapped) were effective in reducing 
nitrite levels by 38.9% after 48h. P. lutheri lowered nitrite 
levels by 35.8%. Uptake of nitrite by R. baltica was 26.9% 
after 48h. S. costatum was less effective in reducing nitrite 
levels, only 18.9% was assimilated by the diatom. 
Reduction of nitrite by algae at 1000 cells gl-1. 
Fig. 7 and table 4 shows that free floating C. japonica 
was effective in reducing nitrite levels, 85.3% of nitrite 
being assimilated from the medium by the algae after 48h. 
Trapped C. japonica removed 70.7% nitrite after 48h. 
C. calcitrans was effective in reducing levels of nitrite by 
53.2% after 48h, followed by S. costatum which took up 41.5% 
nitrite after 48h. Levels of nitrite reduced by R. baltica was 
only 3.5% after 48h. P. lutheri was the least effective in 
lowering nitrite levels from the culture medium, 3.5% nitrite 
was reduced in 24h but nitrite level in culture medium 
increased by 6% after 48h. 
Reduction of nitrite by algae at 1500 cells gl-1- 
Fig. 8 and table 5 show that nitrite levels reduced by 
free floating and trapped C. japonica at cell densities of 
1500 gl-1 were similar (85.3% and 70%) respectively to nitrite 
levels reduced by 1000 cells gl-1 of C. japonica. P. lutheri 
was effective in lowering nitrite levels by 56.1% after 48h. 
Nitrite levels reduced by both T. chuii and S. costatum were 
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26.9% after 48h. R. baltica lowered nitrite levels by 12.2% 
after 48h. Nitrites increased with C. calcitrans by 8% after 
48h. 
Reduction of nitrite by algae at 2000 cells gl-1. 
Free floating and trapped C. japonica were most effective 
in lowering nitrite levels,, (82 and 73.6% respectively), Fig. 9 
and table 6. S. costatum was effective in removing 41.2% 
nitrite in 48h. P. lutheri reduced nitrite levels by 35.8% and 
T. chuii assimilated 26.9% nitrites from culture medium in 48h. 
C. calcitrans lowered nitrite levels by 12.2% in 48h. 
R. baltica was less effective comparatively in lowering nitrite 
levels, only 11% was removed by the flagellate after 48h. 
From the above experiments it can be concluded that 
japonica is most effective in reducing levels of ammonia and 
nitrite from culture water environment. Fig. 10a and b 
summarise reduction in levels of toxicant ammonia and nitrite 
by C. japonica at four cell densities. 
P. monodon LARVAL FEED TRIAL ON ARTIFICIAL DIET WITH C. japonica 
Results showed that C. japonica at 1000 cells jil-1 was 
most effective in reducing toxic levels of ammonia and nitrite 
in the culture medium. An experimental feed trial was set up 
using P. monodon larvae (PZ1 - PL1) fed on an artificial diet 
in the presence of free floating and trapped C. japonica at 
1000 cells gl-1- Culture water was not changed during the 
experiment. P. monodon larvae fed on an artificial diet with 
free floating C. japonica collapsed at PZ2/PZ3 on day 
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(fig Ammonia and nitrite levels in culture water were 
81.6 and 18.4 gg. 1- Larval mortality resulted from 
ingestion of free floating C. japonica cells by the larval 
stages. C. japonica is considered to be a poor food for 
crustacean larvae due to its thick cell wall. P. monodon 
larvae on an artificial diet in the presence of trapped 
C. japonica reached the intermediate postlarval stage (3-59mm) 
with a survival of 20% on day 11 (Fig. 12). Low survival and 
larval growth was due to inadequate nutrition for larval 
development in the artificial diet and the absence of an algal 
(10 cells gl-1) supplement. Ammonia and nitrite levels in the 
culture water were 420 gg. 1-1 and 230 gg. 1-1 respectively. 
P. monodon larvae on 100% artificial diet, in the absence of 
algae did not survive beyond day 9 (Fig. 13). Larval mortality 
occurred due to a high (320 gg- 1-1) level of nitrite in the 
culture water. Percentage survival on control feed (Fig. 14) 
T. chuii and R. baltica were low (9% to PL stages) due to high 
nitrite (230 kig. 1-1) levels as the culture water was not 
changed during the experiment. 
ALGAE AS A CHEMOATTRACTANT 
The effectiveness of microalgae to act as chemoattractants 
was evaluated in a feed trial using artificial diet CAR 335 
with P. monodon larvae from PZ1 to PZ3/M1 stage. Culture water 
was changed daily. 
Mean larval growth and percent survival of larvae on an 
artificial diet in the presence of T. chuii at 20 cell gl-1 and 
R. baltica at 20 cell j, 171 contained in a flow through cylinder 
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(described earlier in materials and methods section) were 
2.71mm and 45.5% respectively at PZ3 stage. Larval growth and 
survival on artificial diet CAR 335 in the absence of algae was 
2.58mm and 43% respectively. Larval development on a control 
diet containing microalgae at 20 cells til-1 of T. chuii and 
20 cells jLl-1 of R. baltica produced a mean larval growth of 
3.16mm and percentage survival of 88% to M1 stage (table 7). 
Results of one-way ANOVA reveals that larval growth were 
significantly different (P < 0.05) (table 8a). Tukeys pairwise 
comparison indicates that larval growth was significantly 
better on control diets than growth on artificial diet obtained 
in the presence of trapped algae. Larval growth on artificial 
diet in the presence of trapped algae was significantly better 
(P < 0.05) than growth obtained on 100% artificial diet (table 
8b) . 
Percentage larval survival was also significantly 
different (P < 0.05) (table 9a). Tukeys pairwise comparison 
shows that percentage survival on the control diet was 
significantly better than survival obtained with larvae on 
artificial diet in the presence of algae, and on 100% 
artificial diet alone. Percentage survival on artificial diet 
in the presence of trapped algae was not significantly 
different from that obtained on 100% artificial diet alone 
(table 9b) . 
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DISCUSSION 
Results show that the toxic range of ammonia and nitrite 
levels in the culture water can be reduced effectively to safer 
limits by adding microalgae cells at densities of 1000 to 1500 
111-1 , at an illumination of 6.6 x 101 5 auanta. sec -1 . cm 
2- 
Amongst the six algal species tested both free floating and 
trapped C. japonica were effective in absorbing 99.1% ammonia 
from the culture water after 48h (fig. 10a) . R. baltica tested 
1 at four cell densities (500,1000,1500 and 2000 cells gl- 
was least effective in assimilating and reducing initial 
ammonia levels (13.2%) after 48h from the culture water. The 
diatom S. costatum was also less effective in absorbing ammonia 
(37.3%) from the culture water. 
Nitrite levels in the culture water were also effectively 
reduced by both free floating and trapped C. japonica (70.7 to 
85.3%) in 48h (fig. 10b). S. costatum and R. baltica were less 
effective in reducing nitrite levels (fig. 6-9) from culture 
waters. Algal cells of S. costatum and R. baltica periodically 
collapse and decomposition of dead algal cells increases 
toxicant ammonia and nitrite levels in the water. The 
effectiveness of algal species in assimilating and reducing 
ammonia levels in the culture water, demonstrates that ammonia 
is the preferred nitrogen source of nutrient for live algae in 
the present culture water environment. molly and Syrett (1988) 
also showed that algae in the presence of ammonia and urea 
assimilated ammonia first, and only when this disappeared from 
the culture medium were other nitrogen sources utilized. 
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Since ammonia and nitrite levels reduced by C. japonica at 
cell densities of 1000 f 1500 and 2000 41-1 were not 
significantly different from each other (tables 4,5 and 6), a 
minimum cell concentration of 1000 gl-1 of free floating 
C. japonica was tested in a feed trial with P. monodon larvae 
fed on artificial diet. Although ammonia (81.6 gg. 1-1) and 
nitrite (18.4 gg. 1-1) levels were well below safe limits (1500 
and 110 gg. 1-1 respectively) larval growth did not proceed 
beyond the PZ2/PZ3 stages, and larval mortality occurred on day 
7. The reason for this is that larvae consumed C. japonica as 
food. Cells of C. japonica are nutritionally inferior for 
penaeid and other molluscan larvae due to their thick cell 
walls (Web and Chu, 1982). Growth and survival of P. monodon 
larvae on an artificial diet in unchanged culture water in the 
presence of C. japonica at 1000 cells gl-1 trapped in a 
flowthrough transparent cylinder were significantly better. 
Larval growth on day 11 was 3.59mm and 20% survived to 
intermediate PL stage (fig. 12). Levels of NH 4N 
(406 gg. 1-1) NH 3N 
(13.56 gg. 1-1) were within safe limits, 
NO 
2*N 
(230 gg. 1-1) exceeded the recommended safe limit 
(110 kig. 1-1) . Larvae on 100% artificial 
diet in the absence 
of algae, died on day 9 (fig. 13). Toxicant levels of NH 4 
+. N 
(2161 gg. 1-1) and NH 3N 
(38.37 gg. 1-1) were either close to 
or within safe limits, NO 2*N 
(320 gg. 1-1) in the culture water 
far exceeded the safe limit. The control live diet (40 cells 
gl-1 algae + 5. ml-1 Artemia) produced poor survivals (9%) in 
unchanged culture water. NH 4 
+' N was 800 gg. 1-1 and NO 2N was 
230 gg. 1-1 (fig. 14). Higher levels of these toxicants may be 
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due to the presence of the live Artemia provided as food for 
later prawn larvae. 
It is well documented (table 1) that accumulated ammonia 
and nitrite adversely effect growth and survival of penaeid 
prawns (Wickins, 1976; Mevel and Chamroux, 1981; Jayasankar and 
Muthu, 1983a, b; Chen et al., 1986; and Chen and Chin, 1988). 
The result from this study indicates that the algal species 
C. japonica was most effective as a "biological filter' and 
efficiently reduced accumulated toxic metabolites from the 
unchanged culture water environment. Levels of NH 4 
+. N and 
NO 
2N were within or close 
to recommended safe limits. Early 
protozoeal stages of P. monodon are conceivably most sensitive 
to nitrite levels above 100 gg. 1-1 rather than ammonia. 
Static water hatcheries must include algae as a biofilter to 
control and detoxify accumulated levels of both ammonia and 
nitrite in culture water, alternatively some water changes must 
be carried out to combat the release of these toxic 
metabolites. 
When the algae T. chuii and R. baltica (40 cells kil-1) 
were contained in a flow through cylinder and suspended in the 
culture water with P. monodon fed on a 100% artificial diet, 
larval growth was significantly different (P < 0.05) from 
larval growth obtained in the absence of trapped algae, (table 
8a and 8b). Larval survival however was not significantly 
different (P < 0.05) (table 9b). In this experiment culture 
water was changed daily preventing accumulation of ammonia and 
nit7rite so that the observed difference in growth cannot be 
attributed to the effect of higher levels of toxicant in the 
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absence of algae. It is suggested that algal metabolites 
secreted by T. chuii and R. baltica into the culture water may 
stimulate larval growth. 
Although the feeding behaviour of adult crustaceans has 
been studied intensively (Linstedt, 1971; Heinen, 1980; Ache, 
1983; Carr et al., 1987). Far less research has been conducted 
into the chemosensory feeding behaviour of crustacean larvae. 
However it has been shown that planktonic larval stages and 
marine copepods respond positively to the presence of algae in 
the water. Yule (1982) demonstrated a positive feeding 
response by two species of barnacle nauplii to the presence of 
algae in seawater. similarly, Yule and Crisp (1983) 
demonstrated increased limb movement for the copepod Temora in 
the presence of algal food (Skeletonema sp. ). A decrease in 
limb activity was observed as the algae moved away from the 
animal. Mechanical and chemical cues were suggested as obvious 
candidates for the initiation of this response. Evidence is 
accumulating which suggests that many planktonic crustacean 
larvae and planktonic copepods assess the concentration of 
suspended food particles in the surrounding medium by chemical 
and other methods and adjust feeding rates accordingly (Yule 
and Crisp,, 1983). Strickler (1982) suggested that calanoid 
copepods are able to predict the trajectory of algal cells on 
the basis of chemical diffusion of metabolites from algal 
cells. most predatory crustacean larvae do not appear to show 
orientation behaviour towards a food stimulus source, but 
demonstrate chance encounter feeding behaviour (Langdon et al., 
1985). on contact with the mouth parts, both chemical and 
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textural stimulii become important, and unless the correct 
stimuli are provided the particle will be rejected (M61ler et 
al., 1979). Most authors are in agreement that amino acids are 
strong chemoattractants for herbivorous stages of crustacean 
larvae. Yule (1982) demonstrated a response by barnacle larvae 
to glycine and glutamic acid, these non-essential amino acids 
are natural exudates from phytoplankton - In the present 
experiment, it would appear that metabolites secreted by the 
trapped algae into the culture water enhanced growth in 
P. monodon larvae feeding on artificial diets. 
From the present results it would appear unlikely that the 
10 cells gl_1 algae added to culture water in the previous 
section (2), could be effective in reducing levels of toxic 
metabolites when artificial feeds are used. Especially as 50% 
of the culture water was changed daily to renew water 
quality. Present results indicate that in order to reduce 
toxic levels of both ammonia and nitrite in culture water, 
frequent water exchange must be carried out. Alternatively 
high levels of microalgae (Chlorella 1000 cells AL1_1) must be 
present at all times during the culture period if the culture 
water remains un changed. With frequent water exchanges, it is 
possible to culture P. monodon successfully on Frippak feeds, 
with 60 - 70% survival to PL stage. However most commercial 
hatcheries rarely exchange culture water; P. monodon larvae are 
commercially reared in static water hatcheries in Taiwan (Liao, 
1977). Accumulation of toxicants in these static systems 
adversely affects the surviva 1 and development of larvae (Chin 
and Chen, 1987; 1988). 
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This section further shows that metabolites secreted by 
live microalgae contained in the culture water may act as 
feeding/growth stimuli. Enhanced larval growth of 5.1% was 
recorded on artificial diets fed as total replacement in the 
presence of contained microalgae (40 cells gl-1) in the culture 
water. However algae supplied as a cofeed (10 cgl -1) with 
artificial diet gives better performance, both larval growth 
and survival are significant compared to larval growth obtained 
on artificial diets without algal supplements. It is possible 
that 10 cells kLl-l microalgae may provide essential 
micronutrients such as vitamins and minerals to the diet. 
The next section evaluates the dietary composition of 
microcapsules. Larval performance on different protein sources 
(plant and animal) incorporated into the diet are investigated 
together with optimum lipid levels required and the requirement 
for vitamins and minerals in diet for better larval growth and 
survival. 
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Table 7: P. monodon larval growth and survival (PZ1 - PZ3) on artificial 
diet, artificial diet + trapped algae (T. chuii + R. baltica 
40 cgl 1 and controls 
Larval growth 
(mm) 
STANDARD 
MEAN DEVIATION 
Larval survival 
W 
STANDARD 
DEVIATION TREATMENT 
Artificial diet 2.5871 . 1756 
Artificial diet + 
Trapped algae 2.7163 . 1126 
Controls 3.1686 . 0926 
MEAN 
43.0000 
45.5000 
88.0000 
14.1421 
4.9497 
7.0711 
Table Sa: ANOVA table, Larval growth against treatments with artificial 
diet, artificial diet + trapped algae (T. chuji + R. baltica 
40 cjAl -1 and controls 
ANALYSIS OF VARIANCE 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 2 3.7289 1.8645 107.3923 . 001 
WITHIN GROUPS 57 -. 9896 . 0174 
TOTAL 59 4.7185 
Tests for Homogeneity of Variances 
Cochrans C= Max. Variance/Sum (Variances) = . 5922, P=. 008 
Bartlett-Box F=4.148, P= . 016 
Table 8b: Tukeys pairwise comparison between different treatment 
TREATMENTS 
MEAN TREATMENT 1123 
2.5871 
2.7163 21* 
3.1686 31* 
(*) Denotes pairs of groups significantly different at the 
0.050 level 
I Artificial diet 
2 Artificial diet + trapped algae 
3 Controls 
Table 9a : ANOVA table, larval survival against treatments witI-I artificial 
diet, artificial diet + trapped algae (T-chuii + R. baltica 
40 clil -1 and controls 
ANALYSIS OF VARIANCE 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 2 2558.3333 1279.1667 13.9800 . 0302 
WITHIN GROUPS 3 274.5000 91.5000 
TOTAL 5 2832.8333 
Tests for Homogeneity of Variances 
Cochrans C= Max. Variance/Sum (Variances) =. 7286, P= . 439 
Bartlett-Box F= . 387, P= . 684 
Table 9b : Tukeys pairwise comparisons between treatments 
TREATMENTS 
MEAN TREATMENTS 1123 
43.0000 1 
45.5000 21 ns 
88.0000 
(*) Denotes pairs of groups significantly different at the 0.050 
level 
ns indicates a non-significant result 
1 Artificial diet 
2 Artificial diet + trapped algae 
3 Controls 
Figure 1. Total ammonia and nitrite production for 56mg 1- 
1 
artificial larval diet incubated at 28 
0C in seawater 
over 11 days together with blank controls. 
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Figure 2. Reduction in ammonia levels produced in seawater by 
artificial larval diet over 11 days using different 
live microalgae at 500 cells)il-l. 
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Figure 3. Reduction in ammonia levels produced in seawater by 
artificial larval diet over 11 days using different 
live microalgae at 1000 cellsul-1. 
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Figure 4. Reduction in ammonia levels produced in seawater by 
artificial larval diet over 11 days using different 
live microalgae at 1500 cells gl-1. 
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Figure 5. Reduction in ammonia levels produced in seawater by 
artificial larval diet over 11 days using different 
live microalgae at 2000 cells 41-1 . 
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Figure 6. Reduction in nitrite levels produced in seawater by 
artificial larval diet over 11 days using different 
live microalgae at 500 cells 41-1. 
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Figure 7. Reduction in nitrite levels produced in seawater by 
artificial larval diet over 11 days using different 
live microalgae at 1000 cells ýU-1. 
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Figure 8. Reduction in nitrite levels produced in seawater by 
artificial larval diet over 11 days using different 
live microalgae at 1500 cells ýLl -1 . 
350 
300 
CD) 
250 
Z 
. CY 
C) 
Z 
200 
150 
z 
100 
50 
Legend 
Skeletonema costatum 
Rhodomonas baltica 
Pavlova lutheri 
Tetraselmi ghujr 0 
Chaetoceros calcitran 
Chlorella japonic 
Time ( hours) 
24 48 
Figure 9. Reduction in nitrite levels produced in seawater by 
artificial larval diet over 11 days using different 
live mi6roalgae at 2000 cells 41-1. 
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Figure 10. Reduction in A) total ammonia (A) and B) nitrite ( 9) 
levels in seawater after 24h and 48h using live 
Chlorella jagonica at four different cell levels. 
T= Trapped Chlorella. F= Free floating Chlorella. 
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Figure 11. The survival of P. monodo larvae fed on an artificial 
diet at 8mg. 1-1 in the presence of free floating 
Chlorella at 1000 cells 41-1, ammonia (A) and nitrite (0 ) 
levels are also plottedf no water exchange occurred 
and illumination was constant at 6.6x1O15quanta. sec-1cM 
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Figure 12. Percentage survival of P. monodon larvae fed on an 
artificial diet at 8mg. 1-ld-lin the presence of 
trapped live Chlorella at 1000 cells ýil-i, other 
conditions as before. 
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Figure 13. The survival of P. monodon larvae fed on an artificial 
larval diet at 8mg 1-1 d-1 in the absence of microalgae. 
Ammonia (A) and nitrite (0) levels are plotted throughout 
the exPeriment during which no water exchange occurred. 
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Figure 14. Percentage survival of P. monodon larvae fed on a control 
diet of 20 cells of 
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SECTION 4 
Effect of diet composition on P. monodon larvae 
Part of this section was presented at the Forum on 
New Technologies in Aquaculture, Kuala LumPur, 
Malaysia. August 1989. 
Title : Advances in Penaeid Larval Feed Technology. 
Authors : S. Amjad, D. A. Jones and K. Chitravedivelu. 
Proceedings of the Forum on New Technologies in 
Aquaculture. Jointly organised by the Malaysian 
Fisheries Society and the Ministry of Science, 
Technology and Environment in conjunction with 
National Science and Technology Congress (in Press). 
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INTRODUCTION 
One of the most important factors in intensive aquaculture 
is good nutrition. Increased production of cultured prawn 
larvae in an intensified culture system is dependent upon 
nutritionally effective and acceptable diet for each of the 
different developmental stages. New (1976; 1980) presented an 
extensive bibliography, directed toward understanding the basic 
requirements of penaeid nutrition but found that specific 
information concerning essential nutritional requirements for 
penaeid larvae is limited. With intensification of penaeid 
larval culture the requirement for a formulated, supplementary 
or complete, feed is becoming paramount. The major components 
of formulated diets are, protein, lipid, carbohydrate, fibre, 
minerals and vitamins. 
Dietary proteins are essential nutrients for growth and 
maintenance of larval and adult prawns. Proteins act as an 
energy source as well as contributing to tissue construction. 
Prawns cannot synthesize proteins from simple inorganic 
material, but rely on ingesting them through diet. The optimum 
dietary level of protein in diet which produces maximum growth 
varies in different species of juvenile and adult prawns, but 
ranges between 30 to 60% (New, 1976). Severai groups ol: 
workers have reported on optimum protein levels for adult and 
juvenile P. monodon, 46% (Lee, 1971) r 40% (Aquacop, 
1977; 
Khannapa, 1977), 35% (Bages and Solonane, 1981). Growth 
response to different protein levels in diet will also vary 
according to the protein sources used. Growth is related to 
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the contents of essential amino acids and the nutritive value 
of proteins used (Deshimaru and Shigueno, 1972; Deshimaru, 
1982; Hew and Cuzon,, 1982). Proteins are composed mostly of 
amino acids linked with peptide bonds and cross linked between 
chains with sulphydral and hydrogen bonds. Prawns have been 
shown to require ten amino acids i. e. arginine, methionine, 
valine, threonine, isoleucine, leucine, lysine, histidinel 
phenylalanine and tryptophan (Kanazawa and Teshima, 1981). 
Deshimaru (1982) also showed that diets containing only amino 
acids instead of protein gave a very poor growth and high 
mortality in feeding trials with P. japonicus juveniles. 
Dietary lipids have also been shown to play an important 
role in prawn nutrition, not only as an energy source, but also 
as an essential dietary component. Some fatty acids are 
essential and cannot be synthesized in sufficient amounts by 
the animal itself. Kanazawa et al., (1977a) showed that the 
addition of 20: 5w3 and 22: 6w3 fatty acids to the diet of 
P. japonicus, increased survival and weight gain, compared to 
diets high in 18: 2w6 and 18: 3W3 fatty acids. Jones et al., 
(1979a), using microcapsules containing 14 c-paimitic acid, 
showed that P. japonicus larvae can synthesize 20: 5W3 and 
22: 6w3 from 18: 3w3 but only in small amounts. Additionally W 
fatty acids assist in transportation of other lipids such as 
cholesterol, activate several specific enzymes and regulate 
vital processes by prostaglandins (Castell, 1970). Jones et 
al., (1979b) have pointed out the necessity of W fatty acid 
for growth of zoeal and juvenile stages of prawns. New, (1987) 
also suggests that lipids are important factors in palatability 
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of feeds. 
Carbohydrate utilization by penaeids in the form of 
polysaccharides has been demonstrated by Sick and Andrew, 
(1973) ; Alva and Pascul (1987) . Prawns vary in their ability 
to digest carbohydrates effectively. Complex carbohydrates are 
more readily utilized by prawns than simple sugars (New, 1987). 
Mineral elements are important aspects of prawn 
metabolism. They provide strength and rigidity to the 
exoskeleton, which is rich in minerals and is lost during 
moulting. In body fluids minerals are involved mainly with the 
maintenance of osmotic equilibrium with the aquatic 
environment, and in the nervous and endocrine system. They are 
also involved with metabolic processes concerned with energy 
transport (New, 1987). 
Vitamins are complex organic compounds required in trace 
amounts for normal growth, reproduction and general metabolism. 
The effect of vitamins on growth and survival of P. japonicus 
larvae has been demonstrated by Kanazawa (1982). Vitamin C 
deficiency causes blackening of cuticle,, hind gut wall and 
gills in penaeids (Lightner et al., 1977). 
Despite recent advances toward understanding the basic 
nutritional requirement of penaeid prawns, much less emphasis 
has been given to determining specific requirements essential 
for penaeid larval growth and development. Specific 
information concerning essential nutrient requirements of 
individual species still remains to be elucidated (Jones et 
al., 1984). 
This section evaluates P. monodon larval development on a 
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series of nutritionally improved microencapsulated feeds as 
total replacements for live feeds. Larval growth and survival 
were evaluated using six different protein sources. Protein 
components of the diet were, mussel, cod-roe, beef liver, 
cooked egg albumin, casein, soya protein and a combination of 
cooked mussel and soya protein. To determine optimum levels of 
lipids required by larval stage, lipids high in w3 and w6 were 
included in microcapsules at 0, 51 10 and 15% level. Vitamins, 
trace minerals and minerals plus vitamin supplements were added 
to microcapsules, larval performance was compared in feed 
trials to diets which did not contain vitamin and minerals. 
This study also compares growth and survival of P. monodon 
larvae on another series of microencapsulated feeds as total 
replacements supplemented by extracts taken from live feed. 
When these are fed together with nutritionally improved Frippak 
microcapsules, both larval growth and survival are not 
significantly different from live algal and Artemia fed 
controls. 
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MATERIALS AND METHODS 
A series of larval feed trial experiments was conducted 
to evaluate the effectiveness of nutritionally improved 
microencapsulated feeds, developed for penaeid larvae as a 
total replacement to all live conventional feeds. Table 
lists microencapsulated feeds formulated from six different 
protein sources at 60% level (soya, mussel, beef liver, casein, 
cod-roe, cooked egg albumin and a combination of soya protein 
and cooked mussel). Lipid (marine and vegetable oils) levels 
included in diet were 0. 51 10 and 15%. Trace minerals 
(copper, zinc and manganese as sulphates) and vitamin mixes of 
biotin, folic acid, riboflavin, pantothenic acid, thiamine, 
pyridoxine and niacin were added to encapsulated feeds. The 
exact formulation of microcapsule manufacture is proprietory 
information (British Patent Nols 79437454 and 2103568). In 
another feed trial, nutritionally improved microcapsules (table 
2) were evaluated for their performance on larval development, 
fed as total replacement, cofeed with 10 cells gl-1 algae and 
supplemented by homogenised algal additives taken from live 
f eeds. 
Homogenised Algal Additives 
Microalgae T. chuii and R. baltica maintained in the 
laboratory were harvested during the late exponential growth 
phase. Harvested algae were concentrated by centrifugation in 
Model MSE cool spin rotor. T. chuii was centrifuged at 3000 
rpm for 30 min, and R. baltica at 1000 rpm for 10 min. The 
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supernatant was decanted and algal concentrate resuspended in 
50 ml autoclaved seawater. 25 41 of resuspended algae was used 
to estimate cell concentration using Coulter Counter Model ZB. 
Algal concentrates were homogenised separately in 
homoginser Model K43-TRI-R/STIR-R. R. baltica and T. chuii 
were homogenised at 10,000 rpm for 20 and 30 min respectively. 
The homogenised algae was further centrifuged in centrifuge 
Model MSE/Superspeed 65 at 40,000 rpm for 40 min to separate 
the soluble from the insoluble component. The insoluble 
component was resuspended in 50 ml autoclaved seawater for 
subsequent treatment and use, unused portions were kept frozen 
at -18'C. Prior to feeding homogenised algae was thawed, an 
amount equivalent to 10 cells gl-1 was provided as a supplement 
to encapsulated feeds. 
FEED TRIAL PROCEDURE 
monodon larvae obtained from a single spawning were fed 
on microencapsulated feed (table 1) as a total replacement to 
all live feeds in replicated trials, growth and percentage 
survival of larvae were recorded to evaluate diet performance. 
The larvae at PZ1 stage were stocked at 100 litre -1 in 
2-litre round bottom flasks using U/V sterilised seawater 
filtered through 0.2 pm filter, salinity of culture water was 
32%o and was maintained at 28 t1C. Gentle aeration was 
supplied through a glass tubing at the bottom of the flask at 
the rate of 2-3 air bubbles sec -1 which provided not only 
oxygen but also kept the microcapsules in suspension. 
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Rehydrated microencapsulated feeds were given to larvae as 
equal rations 4 times a day. 50% of the water in the culture 
flask was exchanged daily to renew water quality. Controls 
were fed on live feeds of microalgae (20 cgl-1 R. baltica and 
20 cgl-1 T. chuii) from PZ1 - PZ3, and newly hatched Artemia 
nauplii at 5 ml-1 from Ml to PL1. Percentage survival and 
growth of larvae was monitored from each treatment every other 
day. 
, 
In order to determine whether differences amongst diet 
treatments and final mean survival and growth of larvae were 
statistically significant, a test of homogeneity of variance 
(Bartletts test) and an analysis of variance (one-way ANOVA) 
followed by Tukeys multiple pairwise comparison at 5% level of 
significance were performed. 
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RESULTS 
LARVAL GROWTH AND SURVIVAL ON DIFFERENT PROTEIN SOURCES 
In a feed trial with P. monodon larvae (PZ1 - PL1) , 
microencapsulated feed containing different protein sources fed 
as total replacement to all live feeds, gave variable responses 
depending on the protein source incorporated into the diet. 
All microcapsules contained 60% protein as a dietary component. 
Larval growth and survival responses to each of the different 
protein sources (table 1) has been evaluated in replicated feed 
trials. 
Larval Growth (PZ1 - PL1). 
Larval Growth response to different protein sources added 
to microcapsule diets ranged from 4.73mm to 5.10mm (table 3 and 
fig. 1). one-way analysis of variance (table 3a) shows that 
larval growths were highly significant (P < 0.05) with 
different protein sources. Multiple pairwise comparison (table 
3b) shows that comparatively good larval growth was obtained on 
live control diets (5.1mm) which differed significantly from 
all other microcapsules used in the feed trial. Larval growth 
on microcapsule feed CAR 409 + CD 396 (cooked egg albumin), was 
significantly better than larval growth obtained on 
microcapsules, CAR 399 + CD 391, containing proteins from 
Mussels and microcapsule CAR 407 + CD 392 which contained 
cod-roe as a protein source. Larval growth on microcapsules 
containing cooked egg albumin (CAR 409 + CD 396) was not 
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significantly different (P < 0.05) from growth obtained on 
microcapsules with casein (CAR 406 + CD 389), soya protein 
(CAR 335 + CD 315), beef liver (CAR 405 + CD 393) and soya 
protein + cooked mussel (CAR 408 + CD 397). Significantly 
lower larval growth was obtained with mussel and cod-roe 
proteins. Growth obtained on other protein sources (cooked egg 
albumin, soya protein, beef liver, soya protein + cooked mussel 
and casein) were not significantly different (table 3b). 
Larval Survival (PZ1 - PL1) 
Table 4 shows percentage survival of P. monodon larvae on 
different protein sources, which ranged from 21 to 84%. 
Analysis of variance (table 4a) shows that larval survival on 
microcapsules containing proteins from different sources was 
significant (P < 0.05). Multiple pairwise comparisons (table 
4b) shows that larval survival on live feed controls was 
significantly better than survivals obtained on 
microencapsulated feeds CAR 407 + CD 392 (cod-roe protein), 
CAR 399 + CD 391 (mussel protein), CAR 409 + CD 396 (cooked egg 
albumin) and CAR 406 + CD 389 (casein), but larval survival on 
live feed controls do not differ significantly from 
microencapsulated feeds CAR 405 + CD 393 (beef liver), 
CAR 335 + CD 315 (soya protein) and with CAR 408 + CD 397 (a 
combination of soya protein and cooked mussel). Percentage 
survival on microcapsules feed CAR 408 + CD 397 was 
significantly better from feeds CAR 407 + CD 392 (cod-roe) and 
CAR 399 + CD 391 (mussel protein), but percent survival did not 
differ significantly from other microencapsulated feeds. 
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Survival obtained on feed CAR 335 + CD 315 (soya protein) 
differed significantly from survival obtained on CAR 407 + CD 
392 (cod-roe proteins). Larval survival on other protein 
sources in microcapsules do not differ significantly at P= 
0.05 level of significance. 
EFFECT OF LIPID LEVEL ON 
LARVAL GROWTH AND SURVIVAL 
Lipids from vegetable and marine animal sources 
incorporated into microcapsules at four levels (0,51 10 and 
15%) gave variable larval growth and survival (Fig. 2a, b) 
responses in a feed trial. Highest larval growth (5.1mm) and 
survival (86%) from PZ1 to PL1 was obtained on live feed 
controls followed by microcapsules containing 5% lipid. 
Inclusion of lipid at levels higher than 5% gave comparatively 
inferior larval growth and survival. 
Larval Growth (PZ1 - PL1) 
Table 5 shows that highest larval growth from PZ1 to PL1 
was obtained on live feeds (40 cells pl-1 T. chuii + R. baltica 
and 5 Artemia. ml-1. ) Larval growth on microcapsule with 5-*o 
lipid gave the next best growth (4-91MM). Larval growth on 
microcapsules without lipid was 4.73mm. Larval growth on 
microcapsules with lipid levels of 10% gave inferior growth 
(4.67mm) and when fed microcapsules with a higher lipid content 
(15%) larvae did not metamorphose into subsequent developmental 
stages. Larval mortality was high (78%) on day 5 at PZ2 and 
PZ3 stages. 
90 
one-way analysis of variance (table 5a) between larval 
growth and lipid levels in feeds was significant (P < 0.05). 
multiple pairwise comparison (table 5b) shows that larval 
growth obtained on the live control diet was significantly 
better than growth obtained on feeds with lipid levels of 15% 
(CAR 378 + CD 379)f 10% (CAR 376 + CD 377). and 0% (CAR 372 + 
CD 368) but larval growth was not significantly different from 
growth obtained on 5% lipid levels (CAR 374 + CD 375). 
comparatively larval growth on 5% lipid was significantly 
better than growth obtained on feeds with 15% and 10%. But 
larval growth on 5% lipid was not significantly different from 
growth measured on feeds without any lipid content. Larval 
growth on feeds with 10% lipid was significantly better than 
growth obtained on feeds with 15% lipid. 
Larval Survival (PZ1 - PL1) 
Table 6 shows that highest mean percentage larval survival 
was obtained on live control feeds (86%), followed by larvae 
fed on microcapsule feed (CAR 374 + CD 375) with 5% lipid 
(60%). Survival to PL1 on microcapsule feed CAR 372 + CD 368 
without lipids was 25%, survival on feed containing 10% lipid 
(CAR 376 + CD 377) was 20% to PL1 stage. Larvae on 
microcapsule feed CAR 378 + CD 379, containing 15% lipid 
collapsed on day 7. 
one-way analysis of variance (table 6a)-shows that larval 
survival when fed microcapsules with different lipid levels 
gave a significant (P < 0.05) response. Multiple pairwise 
comparison (table 6b) shows that larval survival on live feed 
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control diets was significantly better than survival obtained 
on microcapsules with 15%, 10% and 0% lipid levels, but do not 
differ significantly to survival obtained on microcapsules with 
5% lipid. Larval survival on microcapsules with 5% lipids were 
significantly better than survival obtained on microcapsules 
with 15% and 10% lipid levels, but survival do not differ 
significantly with microcapsule feed without any lipid 
contents. Larval survival was not significantly different on 
microcapsules CAR 372 + CD 368, CAR 378 + CD 379 and 
CAR 376 + CD377. 
EFFECT OF VITAMINS AND TRACE MINERALS ON LARVAL GROWTH 
AND SURVIVAL 
Additive vitamin mixes (13.9%) and trace mineral, copper 
sulphate (100ppm), zinc sulphate (100ppm) and manganese 
sulphate (50ppm) included in microcapsule feeds (table 1) 
tested in replicated feed trials, gave variable larval growth 
and survival from PZ1 to PL1 (Fig. 3a, b). 
Larval Growth (PZ1 - PL1). 
Table 7 shows that highest larval growth (4.99mm) from PZ1 
to PL1 was obtained on live feed controls, followed by growth 
(4.97mm) on microcapsules feed CAR 320 + CD 315 (vitamin + 
mineral). Larval growth on CAR 319 + CD 314 (vitamin only) was 
4-80mm. Larval growth obtained on CAR 321 + CD 316 (minerals 
only) were 4.1mm and microcapsule feeds CAR 271 + CD 272 
(without vitamin and minerals) supported larval growth (3.67mm) 
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to M3/intermediate PL stages. 
One-way analysis of variance (table 7a) shows that larval 
growth responses were highly significant (P < 0.00 1 on 
different treatments of vitamins and minerals in 
microencapsulated feeds. Multiple pairwise comparison (table 
7b) shows that larval growth obtained in live feed controls was 
significantly better than growth obtained on feeds devoid of 
vitamins and minerals (CAR 271 + CD 272), and with 
microencapsulated feed (CAR 321 + CD 316) with mineral 
additives only. Larval growth on live feed controls however do 
not differ significantly from growth obtained on microcapsule 
(CAR 319 + CD 314) with vitamins and with microcapsule feed 
(CD 320 + CD 315) containing vitamin mix and minerals. Larval 
growth obtained on feed with vitamins and minerals differed 
significantly from growth obtained on feeds with no added 
vitamins and minerals and with feeds containing only a mineral 
source. Larval growth was not significantly different from 
microencapsulated feed (CAR 319 + CD 314) with only vitamins as 
an added source. Larval growth on microencapsulated feed with 
vitamins only was significantly better than feeds CAR 271 + 
CD 272 (with no vitamins and minerals) and CAR 321 + CD 316 
(minerals only). Larval growth was significantly better on 
feeds with minerals compared with feed devoid of vitamins and 
minerals. 
Larval Survival (pZj - PL1) . 
Table 8 shows that larval survival was highest (90%) on 
live feed controls, followed by survival (65.5%) on 
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microencapsulated feed CAR 320 + CD 315 (vitamins and 
minerals). 41% survival was obtained with added minerals 
(CAR 321 + CD 316). 32% larvae survived to PL stages on feeds 
containing vitamins only (CAR 319 + CD 314) and 26% survived on 
feeds with no vitamins and mineral additives (CAR 271 + CD 
272) . 
Analysis of variance (table 8a) shows that larval survival 
in response to microencapsulated feeds with vitamins and 
minerals differed significantly (P < 0.05). Multiple pairwise 
comparison (table 8b) shows that larval survival on live feed 
controls was significantly different from microencapsulated 
feeds CAR 271 + CD 272 (no vitamins and minerals), CAR 319 
+ CD 314 (vitamin only) and CAR 321 + CD 316 (minerals only) . 
Larval survival on live feeds do not differ significantly from 
survival obtained on microencapsulated feed CAR 320 + CD 315 
(vitamin + minerals). Larval survival obtained on feeds 
CAR 320 + CD 315 were significantly better than feeds with no 
vitamins and minerals. Larval survival was also not 
significantly different from survival obtained on 
microencapsulated feed CAR 319 + CD 314 (vitamin supplements). 
No significant difference in larval survival was obtained with 
microencapsulated feed CAR 321 + CD 316 (minerals), compared to 
CAR 271 + CD 272 (devoid of vitamins and minerals) - 
Microencapsulated feed CAR 271 + CD 272 (no additives) was 
able to support lower survival (26%) to PL stages. 
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FROZEN AND HOMOGENISED ALGAE AS SUPPLEMENT TO ENCAPSULATED DIET 
Larval Development in Presence of Algal Additives. 
Improvements in the dietary composition of 
microencapsulated feeds, tested as total replacement to live 
feeds, produced better larval growth and survival in replicated 
feed trials. However, larval development on these improved 
microcapsule feeds, were still not comparable to live feed 
controls. Thus extracts taken from live algae were used to 
supplement microencapsulated feeds. This combination feed gave 
larval growth and survival similar to that achieved on live 
feed controls (Fig. 4a, b). 
Larval Growth (PZ1 - PL1) - 
Table 9 shows that highest larval growth (5.10mm) was 
achieved on encapsulated feed + 10 cells 41-1 of algae 
(T. chuii + R. baltica 1: 1), followed by larval growth of 
4.99mm on live feed controls. Larval growth of 4.92mm to PL1 
stage was obtained on a combination of microencapsulated feed 
and frozen homogenised algae. Larval growth on encapsulated 
feeds used as total replacements was 4.77MM to PL1 stage of 
development. 
one-way analysis of variance (table 9a) shows that larval 
growth differed significantly (P < 0.05) with different feed 
treatments. Multiple pairwise comparison (table 9b) shows that 
encapsulated feed 554 + 10 cells gl-1 algae gave significantly 
better larval growth compared to growth obtained on 
encapsulated feed 554 used as total replacement. Larval growth 
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however was not significantly different to growth achieved on 
encapsulated feed 554 + homogenised frozen algae and live feed 
controls. Larval growth on live feed controls was 
significantly better than growth obtained on 100% replacement 
of live feeds by encapsulated feed 554, but larval growth to PL 
stages obtained on live feeds, did not differ significantly 
from encapsulated feed 554 + frozen homogenised algae. 
Larval Survival (PZ1 - PL1) . 
Table 10 shows that larval survival to PL stage on 
different feed treatments was high and ranged from 74.5 to 
93.5%. Highest survival (93.5%) was obtained on live feed 
controls, followed by 93% survival on encapsulated feed 554 + 
homogenised frozen algae. 80.5% larval survival to PL1 stage 
was obtained on 100% replacement encapsulated feed 554. 
Survival on encapsulated feed 554 + 10 cells jil-1 algae was 
74.5% to the PL1 stage. 
one-way analysis of variance (table 10a) shows that larval 
survival to the PL stage does not differ significantly 
(P < 0.05) with different feed treatments. 
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DISCUSSION 
Amongst the six protein sources evaluated, for larval 
growth and survival in a feed trial, highest survival (61%) was 
obtained on a microencapsulated feed containing a protein 
combination of soya + cooked mussel protein. Larval growth to 
PL1 stage on the same diet was 4.90mm. Percentage survival on 
the soya protein component alone in the microcapsule was 59% 
and larval growth was 4.94mm. Microcapsules containing beef 
liver as a protein source supported 52% survival to PL1. Mean 
larval growth was 4.93mm at PL1 stage. Percentage survival on 
microcapsules with casein as dietary protein was 47.5%, while 
larval growth was 4.90mm to PL1 stage. P. monodon larval 
growth on cooked egg albumin as a dietary protein source in 
microcapsule was higher (4.96mm),, but larval survival on the 
same diet was relatively low (35%). Proteins incorporated from 
mussel tissues gave 25.5% survival and 4.73mm larval growth to 
the PL1 stage. Larval survival (21%) and growth (4-75mm) 
obtained on microcapsules with protein sources derived from 
cod-roe were relatively poor. 
Variability in growth response to protein sources is 
attributed to the nutritive value of dietary proteins. 
Proteins differ in the relative proportions of the amino acids 
they contain. Amino acids considered essential for development 
are methionine, arginine, threonine, tryptophan, histidine, 
isoleucine, leucine, lysine, valine and phenylalanine (Cowey and 
Foster, 1971; Shewbart et al. , 1972; Kanazawa and Teshiina, 
1981) . 
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A combination of protein soya + cooked mussel supported 
highest larval survival. soya protein on its own also 
supported a comparatively higher survival and larval growth. 
Akiyama (1988) showed that processed soybean protein was not 
only palatable to the marine shrimps P. monodon, P. japonicus 
and P. vannamei but protein digestibility was also higher than 
for other marine animal protein sources. Egg albumin supported 
good larval growth but was ineffective in sustaining higher 
survival to the PL1 stage. Deshimaru (1982) found egg protein 
deficient in lysine and arginine. Casein also supported better 
larval growth to the PL stage and larval survival (47.5%) to 
PL1 stage was better than that achieved on egg albumin (35%). 
Teshima et al., (1986) also obtained better survival with 
P. japonicus larvae on diets containing casein than with egg 
albumin. Poor larval growth and survival on meat meals (beef 
liver) may be due to the low levels of isoleucine, methionine 
and cystine present (New, 1987). Prior to feed processing, 
cod-roe and mussel protein contain all the essential amino 
acids in sufficient quantities (Kanazawa et al., 1970). During 
feed processing the free a-amino group of lysine becomes bound 
to other molecules, rendering it unavailable to the consumer 
animal (New, 1987). Amino acids are used by the tissues to 
synthesize new proteins. Inadequate proteins in the diet 
results in a reduction of growth, due to withdrawal of proteins 
from tissues to maintain the vital functions (Akiyama and 
Dominy,, 1989). Sub-optimal larval growth therefore occurs due 
to imbalance or deficient essential amino acid in the diets 
ingested by the larvae. 
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Effects of lipids on growth and survival of P. monodon 
larvae shows that inclusion of 5% lipid levels to 
microencapsulated feeds gave the highest larval growth (4.91mm) 
and survival (60%). Lipids incorporated at the 10% level to 
microcapsules gave reduced larval growth (4.67mm) and survival 
(20%). Microencapsulated feed containing 15-0o lipid did not 
support larval development to PL stage. The larvae suffered 
mortality before reaching the mysis stage. Aquacop (1978) 
demonstrated that inclusion of lipids at 7% to the diet of 
merguiensis significantly improved growth and survival. In 
general, Akiyama and Dominy (1989) have shown that decreased 
growth and increased mortalities are associated with lipid 
levels exceeding 10% in diets. 
It has been demonstrated that prawn larvae have a 
requirement for w3 and w6 essential fatty acids. Jones et al., 
(1979b) and Teshima and Kanazawa (1984) pointed out that w3 - 
HUFA is essential for growth and survival of the larval stages 
of P. japonicus. Generally, plant lipids are high in 18: 2w6 
(linoleic fatty acid) and 18: 3w3 (linolenic fatty acid), while 
lipids from marine animal sources are high in 20: 5w3 
(eicosapentaenoic fatty acid) and 22: 6w3 (decosahexaenoic fatty 
acid) . 
Dietary lipids serve as a carrier of fat soluble vitamins 
and provide other compounds, such as sterols and phospholipids, 
which are essential for the normal metabolic functions of prawn 
larvae and adults. Phospholipids and sterols are important 
structural components of cells and organelles. Phospholipids 
help in maintaining the fluid and flexible nature of membranes. 
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Sterols are important in the synthesis of steroid hormones and 
the hormone-like prostaglandins. 
Present trial shows that P. monodon larvae requires 5% 
lipid (from vegetable and marine sources) in the diet for 
optimum growth and survival to postlarval stages. Inclusion of 
lipid in feeds at levels of 10% and higher resulted in 
decreased larval growth and survival. 
Effects of supplementary vitamin premix and minerals on 
larval growth and survival shows that P. monodon larvae, 
require both vitamins and minerals for optimum development. 
Growth and survival on microencapsulated (CAR 271 + CD 272, 
vitamin and mineral free) were relatively poor (3.67mm and 26% 
respectively) compared to microencapsulated feed containing 
either vitamin (growth 4.80mm and survival of 32%), trace 
minerals (growth 4.1mm and 41% survival) or vitamin plus 
minerals (larval growth 4.97mm and 65.5% survival). Kanazawa 
(1982) demonstrated that P. japonicus larvae fed on 
vitamin-free diets did not reach the postlarval stage suffering 
100% mortality in the mysis stage. This author further 
demonstrated, that addition of vitamin C to a squid based diet 
for juvenile P. japonicus accelerated the growth rate. Excess 
of vitamin C however, inhibited growth rates. Sedgwick (1980) 
found that addition of minerals to vitamin-enriched diet 
(freeze-dried Mytilus edulis) improved the growth rate of 
P. mergui ensi s. Lightner et al., (1977) have found that 
P. californiensis and P. stylirostris sometimes show an 
abnormal symptom, named "black death", with characteristic 
blackening of the esophagus wall, cuticle,, gastic wall, hind 
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gut wall and gills. "Black death" has been recognised as a 
symptom of vitamin C deficiency (Margarelli et al., 1979). 
More recently, Catacutan and Cruz (1989), showed that absence 
of ascorbic acid (vitamin C) from the diet of P. monodon 
juveniles resulted in poor weight gains and the most severe 
mid-gut pathology with necrosis and detachment of the 
epithelial cells. 
Larvae may absorb minerals from seawater to some extent, 
but a dietary source of certain minerals is required due to 
repeated loss of certain minerals during moulting. Minerals 
are essential components of enzymes, blood and pigments. They 
are involved in the metabolic processes concerned with energy 
transport. copper is an integral component of oxygen 
transporting protein hemocyanin, it is also a constituent of 
enzyme such as cytochrome oxydase. Zinc is a constituent of 
enzyme and is required for the activity of enzymes such as 
arginase and aminopeptidase. Manganese requirement in trace 
amounts is for enzyme activity e. g. an RNA polymerase 
(Jorgensen, 1977). Deficiency of zinc and manganese in common 
carps causes slow growth, there is a loss of appetite, high 
mortality and erosion of the skin and fins (Ogino and Yang, 
1980) . 
Inclusion of minerals and vitamin premix (13.9%) to 
microencapsulated feed, in the present feed trial, was in 
excess to ensure that acceptable levels remained in the feed. 
Water soluble vitamins may be lost as a result of nutrient 
leach loss in culture water (Goldblatt et al., 1979). Vitamins 
and minerals are destroyed during feed processing and storage 
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(New, 1987). The oxidation of vitamins is affected by heat, 
mois ure, pH, the presence of certain minerals, and by lipid 
oxidation (Stickney et al., 1983). 
Improvement in the dietary constituents of 
microencapsulated feed enhanced larval growth and survival of 
monodon in f eed trials. However, although growth and 
survival were significantly better than that achieved on 
previous Frippak feeds used as 100% replacements, growth was 
usually less than that achieved on live algae and Artemia 
(Jones and Kurmaly, 1987). Whilst survival on a 100% 
replacement diet is not significantly different from live feed 
controls, growth is significantly lower. Present work has 
shown that if live algae at 10 cells gl-1 is added, growth is 
similar to that achieved on live feeds. Similar growth has now 
been achieved if preserved (frozen) extracts from live algae 
are supplied at a concentration equivalent to 10 cells gl-1 
together with Frippak diets (Fig. 4). 
Despite improvements in the dietary constituents of 
microencapsulated feeds by using different protein sources, 
inclusion of lipid at four different levels, addition of 
vitamin and mineral, larval growth and percentage survival has 
been lower (6 and 13% respectively) than that achieved on live 
feed controls. Inclusion of live algae fed at 10 cells gl-1 
together with microencapsulated feed gives significantly better 
larval growth and survival. Larval development on 10 celis 
41-1 of live algae on its own are unable to sustain larval 
growth. Protozoeal stages do not metamorphose beyond PZ2 
development stage. The caloric energy of 10 algal cells 
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calculated in Section 1 is 0.124 Joules. This energy is 
insufficient for metabolic processes and protozoeal development 
to successive stages. Protozoea (Pzl) require 0.746 
J. larva-'. day-' for development and metabolic processes 
(Kurmaly et al., 1989b). 
Algal homogenate equivalent to 10 cells kil-1 supplemented 
by soaking microcapsules (8 and 16 mg. 1-1) for 12h gives larval 
growth and survival to PL stage similar to that achieved on 
live feed controls (table 9 and 10). Larval development 
similar to that achieved on live feed on artificial diet 
(microencapsulated feed) supplemented by preserved (frozen) 
homogenised algae is reported for the first time (Amj ad et al., 
1989). The freezing procedure (-180C) for preservation of 
algal homogenate does not impair or denature the 
growth/survival promoting substance present in homogenated 
algae. This substance could be a peptide, which increases the 
digestive efficiency of larvae, and enhances growth rate. 
Further feed trials were set up in an attempt to evaluate 
the effectiveness of microencapsulated feeds to rear P. monodon 
larvae through metamorphosis from protozoea stage 1 to nursery 
stage prawns solely on artificial diet. The response of 
nursery stage prawns to other commercially available diets is 
also evaluated in section 5. 
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Table 1: Nutritionally improved microencapsulated feed used in larval feed 
trials with P. monodon as total replacement for all live feeds 
Microencap 
PZ1-PZ3 
sulated feed 
Ml-PL1 
Diet component 
included 
Ration 
PZ1-PZ3 
11 mg. 1- . d- 
level 
Ml-PLI 
11 mg. 1- . d- Cofeed 
Protein feed trial 
CAR 335 CD 315 Soya protein 8 Mg. 16 mg. 
CAR 399 CD 391 Mussel protein 8 Mg. 16 mg. - 
CAR 405 CD 393 Beef liver 8 Mg. 16 Mg. - 
CAR 406 CD 389 Casein 8 Mg. 16 Mg. - 
CAR 407 CD 392 Cod roe 8 Mg. 16 Mg. - 
CAR 408 CD 397 Soya protein/ 8 Mg. 16 Mg. - 
cooked mussel 
CAR 409 CD 396 Cooked egg albumin 8 mg. 16 mg. 
Lipid feed trial 
CAR 372 CD 368 No lipid 8 mg. 16 mg. 
CAR 374 CD375 5% lipid 8 mg. 16 mg. 
CAR 376 CD 377 10% lipid 8 Mg. 16 mg. 
CAR 378 CD 379 15% lipid 8 Mg. 16 mg. 
Vitamin and Minerals feed trial 
CAR 319 CD 314 Vitamins only 8 Mg. 16 mg. 
CAR 321 CD 316 Minerals only 8 Mg. 16 mg. 
CAR 320 CD 315 Minerals+Vitamins 8 Mg. 16 mg. 
CAR 271 CD 272 No Mineral/ 8 Mg. 16 mg. 
Vitamin 
Controls 
Algae 
T. chui i Artemia 20cpl-Id-1 5ml-lday- 
1 
R-baltica 20cpl- 
1 d-1 
Table 2: Additives supplied with microencapsulated feeds in P. monodon 
larval feed trial 
Ration level 
Microencapsulated feed PZ1-PZ3 M1-PL1 Additives 
-1 -1 -1 -1 Encapsulated feed 554 8mg. 1 d 16mg. 1 d Homogenised frozen 
algae equivalent to 
10 cells wl 
1 
-1-I-1 -1 -1 Encapsulated feed 554 Smg. 1 d 16mg. 1 d 10 cell W1 
microalgae 
Encapsulated feed 554 8mg. 1 d 16mg. 1d Total replacement 
Control 25cpl- 
I Live microalgae 
T. chuii 
5. ml d 
25clil Artemia Live Instar 1 
R. baltica nauplii Artemia nauplii 
Table 3: P. monodon larval growth (PZ1-PL1) in response to protein sources incorporated in microencapsulated feeds, as 100% replacement to 
live feeds. Feed trial replicated, ± S. D. 
FEED 
GROUP 
MICROENCAPSULATED FEED 
PZ1-PZ3 Ml-PL1 PROTEIN SOURCE 
MEAN 
GROWTH(mm) 
STANDARD 
DEVIATION 
1. CAR399 + CD391 Mussel protein 4.73 . 2052 2. CAR407 + CD392 Cod-roe 4.75 . 1231 3. CAR405 + CD393 Beef liver 4.93 . 2155 4. CAR409 + CD396 Egg albumin 4.96 . 1129 5. CAR406 + CD389 Casein 4.90 . 1026 6. CAR335 + CD315 Soya protein 4.94 . 0256 7. CAR408 + CD397 Soya protein + 4.90 . 1077 
cooked mussel 
protein 
8. CONTROL Live feeds Algae + Artemia 5.10 . 1231 
Table 3a: One-way ANOVA, larval growth against protein sources in 
microencapsulated feeds 
ANALYSIS OF VARIANCE 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 7 1.9580 . 2797 14.4959 . 001 
WITHIN GROUPS 152 2.9330 . 0193 
TOTAL 159 4.8910 
Tests for Homogeneity of Variances 
Cochrans C= Max. Variance/Sum (Variances) . 3007, P=. 001 
Bartlett-Box F=9.964 ,P= 0&1 
Table 3b: Tukeys pairwise comparison of mean growth obtained on different 
protein sources 
Mean 8 
4.73 
4.75 
4.90 
4.90 
4.93 
4.94 
4.96 
5.10 
Feed Group 1 2 
FEED 
5 
GROUPS 
736 
1 
2 ns 
5 
7 ns 
3 ns ns 
6 ns ns ns 
4 ns ns ns ns 
8 
(*) Denotes pairs of groups significantly different at the 0.050 level 
ns indicates a non-significant result 
Table 4: Percentage survival of P. monodon larvae in response to protein 
sources in microencapsulated feeds 
FEED 
GROUPS 
MICROENCAPSULATED FEED 
PZ1-PZ3 Ml-PL1 
PROTEIN 
SOURCE 
MEAN 
SURVIVALM 
STANDARD 
DEVIATION 
1. CAR399 + CD391 Mussel protein 25.50 5.6569 
2. CAR407 + CD392 Cod-roe 21-00 8.4853 
3. CAR405 + CD393 Beef liver 52.00 11.3137 
4. CAR409 + CD396 Egg albumin 35.00 7.0711 
5. CAR406 + CD389 Casein 47.50 7.0711 
6. CAR335 + CD315 Soya protein 59-00 11.3137 
7. CAR408 + CD397 Soya protein + 61-00 9.8995 
mussel protein 
8. CONTROL Live feed Algae + Artemia 84.00 4.2426 
Table 4a: One-way ANOVA, larval survival against protein sources in 
microencapsulated feeds 
ANALYSIS OF VARIANCE 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 7 6012.7500 858.9643 11.9301 . 0011 
WITHIN GROUPS 8 576.0000 72.0000 
TOTAL 15 6588.7500 
Tests for Homogeneity of Variances 
Cochrans C= Max. Variance/Sum (Variances) = . 2222, P=1.000 
Bartlett-Box F= . 140 ,P= . 995 
Table 4b: Tukeys pairwise comparison of percentage survival obtained on 
different protein sources 
Mean Feed Group 
FEED GROUPS 
2145367 
21.0000 2 
25.5000 1 ns 
35.0000 4 ns ns 
47.5000 5 ns ns ns 
52.0000 3 ns ns ns ns 
59.0000 6 ns ns ns ns 
61.0000 7 ns ns ns ns 
84.0000 8 ns ns ns 
(*) Denotes pairs of groups significantly different at the 0.050 level 
ns indicates a non-significant result 
Table 5: P. monodon larval growths (PZ1-PL1) in response to lipid levels 
in microencapsulated feeds 
FEED 
GROUPS 
MICROENCAPSULATED FEED 
PZ1-PZ3 M1-PL1 
LIPID 
LEVEL M 
MEAN 
GROWTH(mm) 
STANDARD 
DEVIATION 
1. CAR372 + CD368 0% 4.73 . 1539 2. CAR374 + CD375 5% 4.91 . 3078 3. CAR376 + CD377 10% 4.67 . 2052 4. CAR378 + CD379 15% . 00 5. CONTROL Live Feeds - 5.10 . 1129 Algae + Artemia 
Table 5a: One-way ANOVA, larval growth against lipid levels in 
microencapsulated feeds 
ANALYSIS OF VARIANCE 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 4 25.5136 6.3784 147.2532 . 001 
WITHIN GROUPS 76 3.2920 . 0433 
TOTAL 80 28.8056 
Tests for Homogeneity of Variances 
Cochrans C= Max. Variance/Sum (Variances) . 5468, P=. 001 
Bartlett-Box F=6.695 ,P= OOJ 
Table 5b: Tukeys pairwise comparison of mean larval growths obtained on 
different lipid levels 
Mean Feed Group 
FEED GROUPS 
43125 
. 0000 
4.6700 
4.7300 
4.9100 
5.1000 
4 
ns 
ns 
ns 
(*) Denotes pairs of groups significantly different at the 0.050 level 
ns indicates a non-significant result 
Table 6: Percentage survival of P. monodon larvae in response to lipid 
levels in microencapsulated feeds 
FEED MICROENCAPSULATED FEED LIPID MEAN STANDARD 
GROUPS PZ1-PZ3 M1-PL1 LEVEL M SURVIVALM DEVIATION 
1- CAR372 + CD368 0% 25.00 8.4853 
2. CAR374 + CD375 5% 60.00 5.6569 
3. CAR376 + CD377 10% 20.00 4.2426 
4. CAR378 + CD379 15% . 00 5. CONTROL Live Feeds - 86.00 9.8995 
Algae + Artemia 
Table 6a: One-way ANOVA, larval survival against lipid levels in 
microencapsulated feeds 
ANALYSIS OF VARIANCE 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 4 7828.2222 1957.0556 35.5828 . 0022 WITHIN GROUPS 4 220.0000 55.0000 
TOTAL 8 8048.2222 
Tests for Homogeneity of Variances 
Cochrans C= Max. Variance/Sum (Variances) 4455, P= . 874 
Bartlett-Box F= . 199 ,P= . 897 
Table 6b: Tukeys pairwise comparison of larval survival obtained on 
different lipid levels 
Mean Feed Group 
FEED GROUPS 
43125 
, 
0000 4 
20 , 0000 3 ns 25 0000 1 ns ns 
60*0000 2 ns 
86.0000 5 ns 
(*) Denotes pairs of groups significantly different at the 0.050 level 
ns indicates a non-significant result 
Table 7: P. monodon larval growth (PZ1-PL1) in response to vitamin and trace minerals in microencapsulated feeds 
FEED 
GROUPS 
MICROENCAPSULATED FEED 
PZ1-PZ3 Ml-PL1 ADDITIVES 
MEAN 
GROWTH(mm) 
STANDARD 
DEVIATION 
1. CAR319 + CD314 Vitamins 4.80 . 2360 2. CAR321 + CD316 Minerals 4.10 . 2565 3. CAR320 + CD315 Vitamins+Minerals 4.97 . 1026 4. CAR271 + CD272 None 3.67 . 5130 5. CONTROL Live feeds 4.99 . 1129 Algae + Artemia 
Table 7a: One-way ANOVA, larval growth against vitamins and minerals 
in microencapsulated feeds 
ANALYSIS OF VARIANCE 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 4 27.9944 6.9986 85.7893 . 001 
WITHIN GROUPS 95 7.7500 . 0816 
TOTAL 99 35.7444 
Tests for Homogeneity of Variances 
Cochrans C= Max. Variance/Sum (Variances) . 6452, P= . 001 
Bartlett-Box F= 15.561 ,P= . 001 
Table 7b: Tukeys pairwise comparison of mean larval growth obtained 
on vitamin and minerals 
Mean Feed Group 4 
3.6700 4 
4.1000 2 
4.8000 1 
4.9700 3 
4.9900 5 
FEED GROUPS 
2135 
* 
* 
* 
ns 
ns ns 
(*) Denotes pairs of groups significantly different at the 0.050 level 
ns indicates a non-significant result 
Table 8: Percentage survival of P. monodon larvae in response to vitamin 
and trace minerals in microencapsulated feed 
FEED MICROENCAPSULATED FEED MEAN STANDARD 
GROUPS PZ1-PZ3 M1-PL1 ADDITIVES SURVIVALM DEVIATION 
1. CAR319 + CD314 Vitamins 32-00 11.3137 
2. CAR321 + CD316 Minerals 41-00 8.4853 
3. CAR320 + CD315 Vitamins+Minerals 65.50 10.6066 
4. CAR271 + CD272 None 26-00 7.0711 
5. CONTROL Live feeds 90.00 7.0711 
Algae + Artemia 
Table 8a: One-way ANOVA, larval survival against vitamins and minerals in 
microencapsulated feeds 
ANALYSIS OF VARIANCE 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 4 5634.400 
WITHIN GROUPS 5 412.500 
TOTAL 9 6046.900 
1408.600 17.0739 . 004 
82.500 
Tests for Homogeneity of Variances 
Cochrans C= Max. Variance/Sum (Variances) = . 3103, P=1.000 
Bartlett-Box F= . 064 ,P= . 992 
Table 8b: Tukeys pairwise comparison of larval survival obtained on 
vitamins and minerals 
FEED GROUPS 
Mean Feed Group 41235 
26.0000 4 
32.0,000 1 ns 
41.0000 2 ns ns 
65.5000 3 ns ns 
90.0000 5 ns 
(*) Denotes pairs of groups significantly different at the 0.050 level 
ns indicates a non-significant result 
Table 9 P. monodon larval growth (PZ1-PL1) in response to 
microencapsulated feed 554 with frozen homogenated algal 
supplements 
FEED MEAN STANDARD 
GROUPS MICROENCAPSULATED FEED ADDITIVES GROWTH(mm) DEVIATION 
1. CONTROL Algae + Artemia 50 cWl -1 +5. ml 4.99 . 1676 2. 554 10cAl-1 algae 5.10 . 2600 
3. 554 Homogenised algae 4.92 . 0882 
4. 554 Total replacement 4.77 . 2601 
Table 9a: One-way ANOVA, larval growth against microencapsulated feed 554 
with homogenated algal supplements 
ANALYSIS OF VARIANCE 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 3 1.1192 . 3731 
WITHIN GROUPS 76 3.2510 . 0428 
TOTAL 79 4.3702 
8.7210 . 001 
Tests for Homogeneity of Variances 
Cochrans C= Max. Variance/Sum (Variances) . 3952, P= . 106 
Bartlett-Box F=7.514 ,P= . 001 
Table 9b: Tukeys pairwise comparison of mean larval growth obtained on 
microencapsulated feed 554 with homogenated algal supplements 
FEED GROUPS 
Mean Feed Group 4312 
4.7749 4 
4.9257 3 ns 
4.9932 1 ns 
5.1011 2 ns ns 
(*) Denotes pairs of groups significantly different at the 0.050 
level 
ns indicates a non-significant result 
Table 10: Percentage survival of P. monodon larvae in response to 
microencapsulated feed 554 with homogenated algal supplements 
FEED MEAN STANDARD 
GROUPS MICROENCAPSULATED FEED ADDITIVES SURVIVALM DEVIATION 
1. CONTROL Algae + Artemia 50 clil -1 +5. ml 93.50 . 7071 
2. 554 10cAl-I algae 74-50 7.7782 
3. 554 Homogenised algae 93.00 1.4142 
4. 554 Total replacement 80.50 10.6066 
Table 10a : One-way ANOVA, larval survival against microencapsulated feed 
554 with honogenated algal supplements 
ANALYSIS OF VARIANCE 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 3 532.3750 177.4583 4.0446 . 1052 
WITHIN GROUPS 4 175.5000 43.8750 
TOTAL 7 707.8750 
Tests for Homogeneity of Variances 
Cochrans C= Max. Variance/Sum (Variances) . 6410, P= . 
414 
Bartlett-Box F=1.599 ,P= . 211 
Figure 1. Percentage survival and ýrowth performance of P. monodon 
larvae to PL1 stage on different protein sources in 
microencapsulated feeds. Vertical bars are standard 
deviation. 
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Figure 2a. Percentaqe survival of P. monodon larvae throuqh 
metamorphosis to PL stages in response to lipid 
levels in microencapsulated feeds. 
Figure 2b. Larval growth of P. monodon larvae through metamorphosis 
to PL stages in response to lipid levels in microencapsulated 
f eeds. 
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Figure 3a. Percentage survival of P. monodon larvae through 
metamorphosis to PL stages in response to vitamin 
and minerals in microencapsulated feeds. 
Figure 3b. Larval growth of 
-P. 
monodon larvae through metamorphsis 
to PL stages in response to vitamin and minerals in 
microencapsulated feeds. 
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Figure 4a. Percentaqe survival of P. monodon larvae through 
metamorphosis to PL stages with microencapsulated 
diet and homogenated algal supplement. 
Figure 4b. Growth of P. monodon larvae to postlarval stages of 
development cn microencapsulated diet and with 
homogenated algal supplement. 
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SECTION 5 
Growth and survival of P. monodon nursery 
and juvenile prawns on artificial diets 
Part of this section was presented at The World 
Aquaculture Conference in Hawaii, USA, Jan. 1988. 
Title : Penaeus monodon -, Nauplius to Juvenile on the 
same Artificial Diet. 
Authors : K. Kurmaly, S. Amjad and D. A. Jones. 
Journal of the World Aquaculture Society. Volume 19 
(1) ; Aquaculture Communiquds 43A. 
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INTRODUCTION 
Microencapsulation has become an acceptable laboratory 
tool for the study of larval nutritional requirement in 
crustaceans (Jones et al., 1979b; Sakamoto et al., 1982; Levine 
and Sulkin, 1984; Jones et al., 1987; Kurmaly et al., 1989a), 
bivalves (Langdon and Waldock, 1981; Chu et al., 1982); and 
larval and postlarval fish (Gatesoupe et al., 1977; Jones et 
al., 1984). Refinements in the crustacean encapsulated diet 
has produced feeds which support the laboratory culture of 
penaeid larvae Penaeus japonicus from nauplius to postlarvae in 
the absence of all conventional live feeds (Jones et al., 
1979a; Kanazawa et al., 1982). 
Attempts to culture nursery stage prawns have demonstrated 
a similar need for artificial pelleted diets that will promote 
optimal growth. Most dry pellets have poor water stability 
(Goldblatt et al., 1979; 1980) and disintegrate within a few 
minutes, it is believed that pellets may act only as a 
fertilizer for the pond resulting in the production of other 
organisms which are then consumed by the prawns (Malca, 1983). 
The lack of an adequate formulated feed is the major remaining 
problem for commercial grow-out of penaeid prawns. Available 
diets do not promote the full potential rate of growth 
possible. Recently Jones et al., (1987) have shown that 
microencapsulation can successfully be used to deliver a 
balanced crustacean diet to penaeid larvae and postlarvae of 
P. vannamei, P. stylirostris and P. monodon in commercial 
hatcheries of Ecuador, Taiwan and the Philippines. 
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Postlarval penaeid prawns are usually moved from larval 
rearing tanks to nursery ponds after five (P. vannamei) to 
f if teen days (P. monodon) - The nursery ponds constitute from 6 
to 15% of the culture area. Postlarvae (PL12 to PL15) at this 
2 stage become demersal, and are stocked at 50 - 200 per m 
These ponds or raceway tanks are usually shallow with a large 
bottom area,, often provided with a natural muddy substrate, 
both to prevent cannibalism and allow production of some 
natural food. During the next 20 - 60 days postlarvae are 
weaned from larval foods onto a mixture of natural and 
specially prepared flakes,, crumble or granulated feeds. For 
monodon and other penaeid postlarvae artificial feeds must 
contain at least 40% proteins and 3- 4% PUFA rich lipids to 
sustain the rapid growth that allows juvenile to reach 0.5 - 
2 cjm by the end of the nursery period (Jones, 1988). 
Present work details one of a series of trials in which 
P. monodon larvae were cultured from first feeding protozoea 
(PZ1) to 18 weeks old juvenile solely on artificial diets. 
Further,, commercially available nursery stage diets (Flakes, 
crumbles and granulated feeds) were evaluated in a feed trial 
with nursery stages of P. monodon f or 4 weeks. Growth, 
survival and weight gains were monitored to evaluate the 
effectiveness of each of the diets offered to the nursery stage 
prawns. 
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MATERIALS AND METHODS 
monodon larvae used in feed trials were obtained from a 
single spawning in the Frippak Research Centre at Findon, U. K., 
and transported as nauplii (non-feeding stages) by air to the 
School of Ocean Sciences. At PZ1 stage they were stocked at 
100 litre-1 in 2-litre round bottom flasks using U/V sterilised 
seawater filtered to 0.2 gm at 280C and 33%0 salinity with 
gentle aeration. 50% of the culture water in the flask was 
exchanged every other day to renew water quality. At post 
larvae (PL) stage 1 animals were transferred to shallow plastic 
boxes (30 x 30 cm) and fed Frippak flakes till they were PL14- 
Nursery stage prawns were transferred at week 6 to individual 
220 gm mesh base compartment (10 x 10 cm) in a recirculating 
seawater system at 28 ± 10C with a salinity of 32 - 34-0., ) - 
Nursery stage prawns were fed with CD capsule pellets formed by 
using starch as a binder and extruded through a1 mm sieve to 
produce 1 mm thin (diameter) pellets. Experimental diets are 
given in table 1, together with details of food ration and 
particle size fed to each stage in the life cycle. All 
artificial diets in this experiment are of the same 
basic 
nutritional composition differing only in manufacture process 
for presentation. 
In a second set of experiments nursery stage prawns 
(PL15) 
were reared through metamorphosis to 
juveniles (PL45) on 
commercially available artificial diets (table 
2). Diet 
performance was evaluated by monitoring growth, survival 
and 
weight gained bY the animals. All trials were replicated. 
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one-way analysis of variance was performed to deter-mine 
any significant differences (P = 0.05) on growth and survival 
of larvae, postlarvae, nursery and juvenile stages of 
P. monodon offered various artificial diets. This was followed 
by Bartletts-Box test (Sokal and Rohlf, 1981) for homogeneity 
of variance. 
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RESULTS 
PROTOZOEA (PZ1) TO JUVENILE ON ARTIFICIAL DIET 
Feed trial data on larval growth and survival obtained 
during 18 weeks experimental period with artificial diets, has 
been analysed according to life cycle stages achieved by 
monodon larvae. Fig 1 and 2 show growth and survival of 
P. monodon larvae fed on CAR microcapsules up to protozoea 3 
(PZ3) stage,, CD capsule from mysis (Mi) to postlarva 1 (PL1) 
and flake diets from PL2 to PL14; compared with controls fed on 
live and natural foods over the same period (fig 3,4). Growth 
and survival of nursery stage larvae from week 6 to juveniles 
(week 18) continuing on artificial diet (table 1) and compared 
with controls is shown in fig 5a and 5b. 
Larval Growth and Survival (PZ1-PZ3) 
At PZ3 mean larval growth obtained on CAR diets were 
2.80 mm; compared to larval growth achieved on live feed 
controls (3.3 mm). Analysis of variance (table 3a) shows that 
larval growth (PZ1 to PZ3) obtained on CAR diet was not 
significantly different (P > 0.576) from growth obtained on 
live feed controls. 
Percentage larval survival (PZ1 - PZ3) fed on CAR diets 
was 82% as compared to 96% survival achieved on control diets. 
Analysis of variance (table 3b) shows that percentage survival 
obtained on live feed controls was not significantly 
(P > 0.098) different from survival obtained on CAR diets at 
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PZ3 stage. 
Larval Growth and Survival (Ml - PL1) 
Analysis of variance (table 4a) shows that mean larval 
growth to PU (4.5 mm) achieved on CD microcapsule diet, 
compared to live feed controls (4.35 mm) was not significantly 
(P > 0.830) different. 
Analysis of variance (table 4b) indicates percentage 
survival to PL1, obtained on live feed controls (85%); compared 
with 61% survival on CD microcapsules was significantly 
dif f erent (P < 0.05) (f ig. 2. Although percentage survival on 
microcapsulated diet to PL1 (61%) was lower in this particular 
trial than the average attained during similar trials on total 
replacement diets > 80% to PL1 Section 4), growth at PL1 
however, was not significantly different from live feed 
controls (fig-. 1). 
Postlarval Growth and Survival (PL2 - PL14) 
Continuing postlarval feed trial in plastic boxes,, fed 
flake diets., larval growth (9-48 mm) to PL14 (nursery stage) 
was not significantly different (P > 0.420) (table 5a) from 
growth attained on live feed controls (10.6 mm) (fig. 3). Fig. 
4 shows that percentage larval survival to PL14 on flake diets 
was relatively poor (25%) compared to survival (62.5%) on 
mussel fed controls. 
Analysis of variance (table 5b) shows that larval survival 
to PL14 was significantly (P < 0.05) better on control feeds. 
Poor PL growth and percent survival were attributed 
in part to 
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high stocking density (550 M2). 
Juvenile Growth and Survival on CD Encapsulated Pellets 
After a further 2 weeks, replicated groups of 16 
on-growing nursery stage prawns, on both flake and mussel diet 
were transferred to individual compartments (10 x 10 cm). 
Groups previously fed flake were now fed exclusively on 
encapsulated CD pellets, whilst controls were fed on frozen 
mysi s (Neomysis integer). Mean growth (fig 5a) to juvenile 
(week 18) on CD pellets was 69.8 mm and 70.0 mm on control feed. 
Analysis of variance (table 6a) shows that no significant 
(P > 0.837) difference in growth was achieved after 18 weeks. 
Percentage survival of juveniles on artificial diet remained 
high at 80% over the first 2 weeks (week 8, fig 5b), but fell 
to 25% by the end of the experiment at week 18. Analysis of 
variance (table 6b) indicates survival of juvenile prawns was 
significantly (P < 0.05) better on controls than on CD pellets 
diets. Growth however remained comparable between groups fed 
on artificial and natural diet, with no significant difference 
appearing even at the end of week 18. 
RESPONSE OF NURSERY STAGE PRAWNS TO COMMERCIALLY AVAILABLE 
ARTIFICIAL DIETS 
In the second feed trial response of nursery stage (PL15) 
P. monodon to commercially available artificial diets (table 2) 
was evaluated during development of nursery stage prawns into 
juveniles. Larval growth, weight gains and percentage survival 
ill 
of 20 prawns on each diet was monitored in a replicated feed 
trial; over a period of 4 weeks, to evaluate the effectiveness 
of each diet type. 
Growth - Nursery to Juvenile prawns 
Fig. 6 demonstrates growth (total length) of nursery stage 
prawns PL15 (initial mean stocking size 10 mm) to juvenile 
prawns reared on commercially available artificial diets for 4 
weeks. Lowest growth (15 mm) was obtained on particulate feeds 
(group 2). On granulated feed growth of juveniles was 
17.7 2 mm. Growth of juvenile prawns on crumble feed was 
20.13 mm (group 3). Nursery stage prawns fed flake diets 
(group 4) attained growth of 27.55 mm; the highest growth 
amongst commercially available diets tested. Mean growth 
achieved on control feeds (group 5) was 28.65 mm. 
Analysis of variance (table 7a) indicates an overall 
significant (P < 0.05) effect of growth on different diets. 
Multiple pairwise comparisons (table 7b) shows that growth 
achieved on control diet (group 5) was significantly better 
than growth obtained on particulate diet (group 2), granulated 
diet (group 1) and on crumbles (group 3). Juvenile growth 
achieved on flake diet (group 4) however was not significantly 
different from growth achieved on control diets (group 
Growth on flake diet (group 4) was significantly better than 
growth obtained on groups 2,1 and 3. Juvenile growth on 
crumble diet (group 3) was significantly better than growth 
obtained on group 2. Growth was not significantly different 
from granulated feed (group 1). Growth obtained on granulated 
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feed (group 1) was not significantly different from growth 
obtained on particulate diet (group 
Wet Weight Gains - Nursery to Juvenile Prawns 
Wet weight gains achieved by nursery stage prawns (PL15, 
0.004 g. ) to juvenile fed artificial diet for 4 weeks is shown 
in fig 7. Prawns on control feed (group 5) attained the 
highest weight (1.02 g. ) followed by weight increase of 0.76 g. 
on flake diet (group 4). Weight gained by juveniles on crumble 
diet (group 3) was 0.38 g. Nursery stage prawns fed granulated 
feed (group 1) and particulate diet (group 2) attained 0.031 g. 
and 0.022 g. respectively. 
Analysis of variance (table 8a) shows that the difference 
in juvenile weights achieved on different diets was significant 
(P < 0.05). multiple pairwise comparisons (table 8b) 
demonstrates that juvenile weight gains on control feed (group 
5) was significantly better than those on the particulate diet 
(group 2), granulated diet (group 1) and crumbles (group 3). 
Juvenile weight gains on flake diet (group 4) were not 
significantly different from weight gained by juveniles on 
control feed. Weight gained by juveniles on flake diet (group 
4) was significantly better than weight gained by juvenile 
prawns on particulate diet (group 2), and granulated diet 
(group 1). Weight gain on the crumble diet (group 3) was not 
significantly different from weight gained on the flake diet 
(group 4). juvenile weight obtained on crumbles (group 3) was 
not significantly different from weight gained on particulate 
diet (group 2) and granulated feed (group 1). 
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Percentage Survival - Nursery to Juvenile Prawns 
Percentage survival obtained after 4 weeks experimental 
period is shown in fig. 8.100% survival to juvenile was 
obtained on control feed. 90% survival was achieved on flake 
diet. Survival of juveniles on crumble feed was 75%, whilst 
juvenile survival on both particulate and granulated feeds were 
55%. 
Analysis of variance (table 9) shows that percentage 
survival of nursery stage prawns to juvenile on different diets 
was significant (P < 0.05). Multiple pairwise comparison 
indicates that survival obtained on different diets was not 
significantly different at (P = 0.05) level. 
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DISCUSSION 
Growth and survival of protozoeal stages (PZ1 - PZ3), 
attained on live feed controls do not differ significantly, 
from growth and survival obtained on CAR microencapsulated 
feeds (table 3a), which were used as total replacement to live 
feeds. Both mean growth and percentage survival on 
microcapsules were compara I ble to live feed controls (fig. 1) - 
This indicates that CAR microencapsulated feeds are 
. nutritionally adequate and highly acceptable to protozoeal 
stages of P. monodon. Although survival to PL1 (61%) was lower 
in this particular trial than the average attained during 
similar trials on total replacement diets > 80%), growth at 
PL1 was not significantly different from live feed controls 
(table 4a). Larval growth and percentage survival during 
larval stages compares well with hatchery trial data (Jones et 
al., 1987), although the addition of supplementary algae may 
increase average survival rates to over 80-'o'. McVey and Fox, 
(1983) obtained 50% survival to PL1 stage for penaeid larvae 
(P. monodon, P. stylirostris and P. vannamei) on live Artemia 
feed. Percentage survival to PL1 (61-0o) attained solely on 
microencapsulated diet in the present trial was comparatively 
better. 
Survival of postlarvae continuing on the artificial flake 
diet still achieved 30% at PL14, as opposed to 60% for PLs on 
fresh mussel diet (controls). Liao and Chao, (1983) showed 
survival rates for penaeid larvae from nauplius to PL20 ranged 
between 25 - 60% on natural diets. More recently Jones et al., 
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(1987), using microencapsulated feed on a commercial scale in a 
Philippines hatchery for the first time showed that survival of 
P. monodon to postlarvae (PL5) ranged between 3- 26-0o. 
Percentage survival (30%) to PL14 achieved in the present 
trials on artificial diet are similar and do not differ 
significantly from their results. Recently MacDonald et al., 
(1989) examined the enzymic activity in P. monodon larvae and 
postlarvae. A minimum or 'enzyme crisis' period was observed 
between day 11 and day 15,, this growth period coincides with 
postlarval stages PL1 to PL4/PL5. Postlarval mortality of 
P. monodon during these stages in usually high. Growth rate of 
PLs to nursery stage prawns fed solely on artificial diet was 
90.5% of that achieved on mussel fed PLs after 26 days. Both 
growth and survival rate were comparatively lower during the 
early postlarval feed trial, attributable in part to the high 
2 
stocking density, equivalent to 550 m The stocking density 
is usually 160 animals m2 in an intensive and 250 M2 in super 
intensive systems (Liao and Chao, 1983). 
Whilst survival rates of artificial diet fed animals 
declined rapidly towards the end of the 18 week juvenile 
experiment, indicating a possible nutritional deficiency, 
growth was not significantly different from that achieved on 
frozen mysids (controls). Juvenile growth rates of both 
artificial and control groups were some 25% less than can be 
expected in nursery ponds (Ryther and Bardach, 1968; Bardach et 
al. , 1972) . Grabner et al. , 
(1981) demonstrated that freeze 
dried or frozen zooplankton release soluble materials from the 
freeze-damaged cells into the water. This may be the reason 
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for lower growth and survival of P. monodon juveniles on frozen 
mysids (controls). 
In the second, 4 week feed trial with nursery stage prawns 
(PL15) reared on commercially available artificial diets to 
juveniles (PL45), growth (total length) achieved on flake diet 
(T. L. = 27.55 mm) was not significantly different from growth 
(T. L. = 28.65 mm) obtained on control (fresh mussel) feed. 
Juvenile growth on crumble feed (T. L. = 20.13 mm) was 
significantly better compared with granulated (T. L. = 17.72 mm) 
and particulate (T. L. = 15.0 mm) f eeds (f ig, 5) . Weight gained 
by juveniles fed different types of artificial feeds for the 
same period also showed significant differences (table 8a) - 
Multiple pairwise comparison showed that there was no 
significant difference between weight gained by juvenile prawns 
fed flake diet and those on the control diet. Highest mean wet 
weight gained by juveniles amongst artificial diets tested was 
on flake diet (0.76 g. ). This weight gained over 4 week period 
is similar to average weights (0.78 g. ) achieved by juvenile 
monodon cultured in the Philippines with supplemental 
feeding (Bardach et al., 1972). Crumble feeds were less 
efficient,, with only 0.38 g. weight gain by the juveniles. 
Granulated and particulate feeds gave considerably poorer 
weight increases (0.031 and 0.022 g. respectively). Leaching 
of dietary solubles and high concentrations of ammonia and 
nitrite measured in earlier feed trials (Section 2) may 
have 
contributed to poor growth performance with unprotected 
crumble, granulated and particulate feeds. Conversely, 
it is 
possible that the digestive system of prawn may 
lack certain 
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enzymes (Stark et al., 1988) capable of extracting nutrients 
from complex feeds. Mean percentage survival of juveniles 
obtained by feeding different artificial diet was also shown to 
be significant (table 9). Amongst the artificial diets, flake 
feed gave high mean survival (90%), followed by juveniles fed 
crumble (75%)f both particulate and granulated feed gave 55% 
survival after 4 week trial period. Percentage survival 
obtained in the present study compares favourably with results 
achieved with P. monodon on natural feeds (Aquacop,, 1983) and 
production of P. monodon on formulated feed in Taiwan (Chen et 
al., 1989). 
These experiments demonstrate for the first time that 
penaeid shrimp may be reared exclusively on artificial feeds 
from the protozoeal to juvenile stages. It is concluded that 
the microencapsulated feeds used in the present work are 
capable of sustaining P. monodon throughout larval, postlarval 
and a substantial part of juvenile life in the absence of any 
other obvious source of nutrition. Whilst these feeds are not 
optimal for growth and survival they provide a basis for 
investigating the optimal nutritional requirements for penaeid 
prawns. 
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Table 1: Diets used in feeding trials for P. monodon 
DIETS FEED RATION SIZE OF TYPE OF LI FE C'., 7: -E 
FOOD DIET STAGE 
ARTIFICIAL DIETS 
CAR 
CD 
FLAKE 
PELLETS (CD) 
8 Mg. 1d 
16 mg. 
20 mg. 1d 
20 Mg. Id 
< 20 gm microcapsule PZ1-PZ3 
90-1504M microcapsule M1-PL1 
5-10 mm flakes PL1-PL14 
1 mm dia. CD juveniles 
CONTROLS 
Microalgae 50 cell. pl-l-d-1 10 Am T. chuii + PZ1-PZ3 
R. bal t ica 
Artemia 5- ml-1 - d-1 0.4 mm nauplii 
M1-PL 
Mytilus sp. -1 -1 2xO. 5shell. 1 d 10-20 mm fresh PL-nursery 
(mussel) stage 
Neomysis sp. -1 5-7ind. larva d 7-10 mm frozen nursery- 
(mysid) juveniles 
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Table 3a: Analysis of variance. P. monodon protozoeal feed trial (PZ1-. F-Z3) 
growth obtained by microencapsulated feed and control diet (11, ve 
microalgae) 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 1 . 2926 . 2926 . 3488 . 5763 
WITHIN GROUPS 6 5.0332 . 8389 
TOTAL 7 5.3258 
Test for Homogeneity of Variance. 
Bartlett-Box F 0.262, P=0.609 
Table 3b: Analysis of Variance. Protozoeal feed trial (PZ1-PZ3), percentage 
survival obtained with microencapsulated against live feed conrols 
(algae) 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 1 128.0000 128.0000 3.8114 . 0987 
WITHIN GROUPS 6 201-5000 33.5833 
TOTAL 7 329.5000 
Test for Homogeneity of Variance. 
Bartlett-Box F 4.790, P=0.031 
Table 4a: Analysis of Variance. Mysis feed trial M-PL1), growth (body 
lengths) obtained on CD encapsulated feed and live feed controls (Artemia) 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 1 
. 0131 . 0131 . 0523 S303 WITHIN GROUPS 4 
. 9997 . 2499 TOTAL 5 1.0127 
Test for Homogeneity of Variance. 
Bartlett-Box F 0.046, P=0.831 
Table 4b: Analysis of Variance. Mysis feed trial (Ml-PL1), percentage 
survival obtained on CD encapsulated feed and live feed controls 
(Artemia) 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 1 793.5000 793.5000 13.6029 . 0211 
WITHIN GROUPS 4 233.3333 58.3333 
TOTAL 5 1026.8333 
Test for Homogeneity of Variance. 
Bartlett-Box F 0.418, P=0.521 
Table 5a: Analysis of Variance. Postlarval feed trial (PL2-PL14), growth 
(body lengths) obtained on flake diets and by mussel (Mytilus sp. 
controls 
SUM OF MEAN F F 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 1 2.4864 
WITHIN GROUPS 12 42.8486 
TOTAL 13 45.3350 
2.4864 
3.5707 
6963 . 4203 
Test for Homogeneity of Variance. 
Bartlett-Box F 0.106, P=0.745 
Table 5b: Analysis of Variance. Postlarval feed trial (PL2-PL14), 
percentage survival obtained on flake diets and by mussel 
(Mytilus sp. ) controls 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 1 4235.1607 4235.1607 54.1276 . 001 
WITHIN GROUPS 12 938.9286 78.2440 
TOTAL 13 5174.0893 
Test for Homogeneity of Variance. 
Bartlett-Box F 0.267, P=0.605 
Table 6a: Analysis of Variance. P. monodon juvenile feed trial (nursery 
stage to juveniles), growth (body length) obtained on CD pellets 
and mysids (frozen Neomysis) control diet 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 1 10.1490 10.1490 . 0441 . 8372 
WITHIN GROUPS 12 2763.6413 230.3034 
TOTAL 13 2773.7904 
Test for Homogeneity of Variance. 
Bartlett-Box F 0.054, P=0,817 
Table 6b- Analysis of Variance. Juvenile feed trial, percentage survival 
obtained on CD pellets and mysids (frozen Neomysis) control diet 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 1 2200.0179 2200.0179 5.1090 . 0432 
WITHIN GROUPS 12 5167.3571 430.6131 
TOTAL 13 7367.3750 
Test for Homogeneity of Variance. 
Bartlett-Box F 8.771, P=0.003 
Table 7a: Analysis of Variance. Growth of nursery stage (PL15) P. monodon to juvenile prawns, on commercially available artificial diets (-"oý- 
feed groups see table 2) and mussel (fresh Mytilus sp. ) control diet 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 4 2144.6104 536.1526 75.8334 001 
WITHIN GROUPS 70 494.9096 7.0701 
TOTAL 74 2639.5200 
Test for Homogeneity of Variance. 
Bartlett-Box F 1.882, p=0.111 
Table 7b: Multiple pairwise comparison of growth (juveniles) fed artificial 
and control diet (for feed groups see table 2) 
FEED GROUP 
MEAN FEED GROUP 121345 
15.0000 Group 2 
17.7273 Group 1 ns 
20.1333 Group 3 ns 
27.5556 Group 4 
28.65GO Group 5 ns 
(*) Denotes pairs of groups significantly different at the 0.050 level 
ns indicates a non-significant result 
Table 8a: Analysis of Variance. Wet weights of P. monodon juvenile pra,, i. -s 
obtained on artificial diets (for feed groups see table 2) and 
mussel (fresh Mytilus sp. ) control diets 
'SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 4 11.8695 2.9674 17.4020 . 001 
WITHIN GROUPS 71 12.1069 . 1705 
TOTAL 75 23.9764 
Test for Homogeneity of Variance. 
Bartlett-Box F 30.363, p=0.000 
Table 8b: Multiple pairwise comparison of weight gained by juvenile prawns 
on artificial feeds (for feed groups see table 2) and control 
diet 
FEED ýGROUP 
MEAN FEED GROUP 21345 
. 0225 
Group 2 
. 0318 
Group 1 ns 
. 3867 
Group 3 ns ns 
. 7695 
Group 4 ns 
1.0265 Group 5 ns 
(*) Denotes pairs of groups significantly different at 
the 0.050 level 
ns indicates a non-significant result 
Table 9: Analysis of Variance. Percentage survival of juvenile prawns 
obtained on artificial and control diet 
SUM OF MEAN FF 
SOURCE D. F. SQUARES SQUARES RATIO PROB 
BETWEEN GROUPS 4 3300.0000 825.0000 5.5000 . 044S) 
WITHIN GROUPS 5 750.0000 150.0000 
TOTAL 9 4050.0000 
Test for Homogeneity of Variance. 
Bartlett-Box F 0.386, P=0.764 
Multiple pairwise comparison showed no two feed groups were significantly 
different at 0.050 level. 
Figure 1. Growth of P. monodon larvae from protozoea to postlarvae 
on artificial ( CAR capsules, CD capsules ) feeds and on 
live microalgae at 40 cells 41-1 and Artemia at 5 ml-1 as 
controls. Vertical bars are standard deviation. 
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Figure 2. Percentage survival of P. monodon larvae from- protozoea 
to postlarvae on artificial ( CAR capsule, CD capsules ) 
feeds and on live microalgae at 40 cells 41-1 and Artemia 
nauplii at 5 ml-1 as controls. Vertical bars are standard 
deviation. 
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Figure 3. Growth of P. monodon postlarvae on artificial feed a. -d 
on fresh mussels as control. Vertical bars are standard 
deviation. 
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Figure 4. Percentage survival of P. monodon postlarvae on 
artificial feed and on mussels as control. 
Vertical bars are standard deviation. 
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Figure 5a. Growth of P. monodon juveniles fed on frozen mysid ( ED ), 
and CD capsules ( El ). Vertical bars are standard 
deviation. 
Figure 5b. Percentage survival of P. monodon juveniles fed frozen 
mysid ( 1:: ] ) as control and CD capsules ( 
F7 )- 
Vertical bars are standard deviation. 
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Figure 6. Growth of P. monodon from nursery stages to juveniles on 
artif icial f eeds (f or f eed groups 1 -5 see table 2). 
Vertical bars are standard deviation. 
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Figure 7. Weight gained by P. monodon from nursery to juveniles 
on artificial feeds (for feed groups 1-5 see table 2). 
Vertical bars are standard deviation. 
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Figure 8. Percentage survival of P. Tnonodon f rom nursery stage to 
Juveniles on artificial feeds (for feed groups see table 2. ) 
Vertical lines are standard deviation. 
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GENERAL DISCUSSION 
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GENERAL DISCUSSION 
Continued demand for prawns worldwide has intensified 
prawn farming efforts to meet an ever increasing demand. Fish 
and shellfish demand is expected to grow to 130 million metric 
tons by the end of this century. In 1989 out of the total 
prawns (2-2 million metric tons) placed on the world market, 
26% were farm produced - with prawn producing countries 
consuming 15% of the 1989 crop (Rosenberry, 1989). 
Successful prawn farming requires dependable postlarval 
seed, either from the wild or from prawn hatcheries, 
nutritionally balanced and readily available diets and proper 
management. Supply of postlarvae from the wild is 
unpredictable depending upon environmental factors (Jones, 
1988). Natural resources of prawns are diminishing due to over 
exploitation, destruction and pollution of their environment. 
Hence there is a genuine demand for cultured prawns (Liao, 
1984). To attain the full production potential of hatcheries, 
a balanced nutritional diet capable of sustaining larval 
development and optimum survival to postlarval stages is 
required. The lack of essential nutrients in the diet can 
result in specific deficiency diseases, inhibit larval growth 
and cause general mortality. Larval nutrition is therefore one 
of the most important factors affecting larval development of 
penaeid prawns (Yufera et al., 1984). 
Most prawn hatcheries are dependent on live foods for 
larval stages. Despite the recognised suitability of 
microalgae as aquaculture feeds, several problems currently 
120 
limit the reliability Of algal mass production systems for 
aquaculture purposes. These constraints include variation in 
the nutritional value of microalgae due to changing culture 
conditions (Enright et al., 1986), difficulty in maintenance of 
monospecific algal cultures (Liao, 1983) and the expense of 
production and harvest on a mass scale (Fox, 1983; DePauw et 
al., 1984; Barclay et al., 1987). In present trials growth and 
survival responses of P. monodon protozoeal stages to f ive 
species of live microalgae at seven cell concentrations in 
replicated laboratory feed trial demonstrates that larval 
development was best on combination algal diet (Section 1) in a 
ratio of 1: 1. Mixed algal diet provides the larvae with better 
balance of nutrients, such as amino acids, fatty acids and 
carbohydrates as well as micronutrients such as vitamins and 
trace minerals. Nutritional deficiency in one algal species 
may be compensated by its presence in another species. Failure 
to obtain optimum larval growth on some algal diets offered to 
protozoeal stages suggests nutritional limitations, or that the 
larval digestive system lacks enzymes capable of extracting 
nutrients from the armored frustrule (McConaugha, 1985). Algal 
food concentrations also play an important role in larval 
development. Protozoeal stages (PZ1) offered algal cell 
concentrations of 10 cells gl_1 failed to maintain larval 
growth and survival. The caloric value of 10 cells gl_1 was 
estimated at 0.124 Joules. Kurmaly et al., (1989b) estimated 
0.746 Joules. larva-'. day-' of energy requirements for PZ1 
stage. In present feed trials a minimum of 40 cells g1_1 
(0.50 Joules. larva -1 . day-) of microalgae was required 
to 
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support good larval growth and survival. The protozoeal filter 
feeder moves to the next trophic level in the planktonic food 
chain and the mysis stage larvae become omnivorous with 
zooplankton as the preferred food. Although Artemia nauplii 
supported good larval growth and survival, they are expensive 
(Beidenbach et al., 1989) and can be unreliable from 
nutritional standpoint (Wickins, 1972). Live Artemia competes 
with penaeid. larvae for the same source such as algae and 
dissolved oxygen in prawn hatcheries. Artemia cysts obtained 
from a polluted environment can introduce parasite in the 
culture system (Spotte,, 1971). Hence there is pressure to 
develop artificial substitute diets for these live feeds. 
A wide range of artificial feeds are currently 
manufactured using different process technologies as 
substitutes for live feeds used in prawn culture. Leading 
brands of ten artificial feeds evaluated as total replacements 
to live feeds, and with microalgae (10 cells gl-1) as cofeed, 
revealed that Frippak microencapsulated feeds gave an overall 
significantly better larval growth and survival in replicated 
feed trials. Inclusion of live microalgae at 10 cells gl-1 as 
a supplemental cofeed with artificial diets produced improved 
larval growth and survival for most of the feed types tested in 
replicated feed trials. In an attempt to evaluate factors 
causing variability in larval growth and survival with 
artificial feeds, several factors were examined (Section 2). 
Gross nutritional composition of artificial larval diets 
compares favourably with that of natural algae and zooplankton. 
However feed particle stability in artificial larval feeds 
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appears to be a key factor. A strong correlation was found 
between leach loss, larval survival and growth. The breakdown 
and leaching of soluble components from rehydrated artificial 
feeds not only decrease food availability for larval growth, 
but also pollute culture water by increasing the production of 
bacteria and fouling larval cultures (Jones et al., 1974; 1975; 
1987; Amjad and Jones, 1989a) . Despite water renewals of 
50% day-' ammonia and nitrite levels do not decline to 
recommended safe limits for larval culture. Both ammonia and 
nitrite levels above 1.5 mg. 1-1 and 0.1 mg. 1-1 respectively 
produce physiological stress on early protozoeal stages, 
observed as a loss of appetite, revealed by the empty larval 
gut and the absence of faecal chains when food was abundantly 
available. Unionised ammonia diffuses quite readily across 
cell membranes in the gills (Fromm and Gillette, 1968) and 
interferes with the oxygen transport in fish (Smith and 
Williams, 1974; Smith and Russo, 1975). The same phenomena is 
believed to occur in crustaceans (Chen et al., 1986). 
Apart from supplying all the nutrients essential for 
larval development microalgae plays an important role in 
conditioning water quality for penaeid larval culture (Amjad 
and Jones, 1989b). It has been demonstrated that modification 
of the -green water-' larval culture system (Ling, 1969) for 
Macrobrachium sp. allows the production of postlarvae without 
any water change, despite extensive use of- artificial diets 
(Ang and Cheah,, 1986). Amongst the six microalgal species 
tested at four levels of cell concentration Chlorella sp. at a 
1000 cells gl-1 was most effective in reducing ammonia levels 
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by 99% and nitrite levels by 85.3% from the culture water 
(Section 3). Algae in the culture water environment act as a 
'biological filter' system utilising ammonia and nitrite. 
Metabolic products secreted by algae (40 cells gl-1) 
trapped in culture water are ineffective as chemoattractants, 
although larval growth shows slight improvement, percentage 
survival however is not significantly different. 
Improvements made in the dietary constituents of 
microcapsules (Section 4) by substituting proteins from 
different sources, lipid levels, vitamin and mineral mixes 
demonstrated improved larval growth and survival in replicated 
feed trials. Larval development however was still lower than 
growth and survival obtained on live feed controls. Algal 
supplements of 10 cells gl-1 to artificial feeds always gave 
significantly better larval growth and survival to postlarval 
(PL1) stage compared to larval development on unsupplemented 
feeds. Live algae supplied at a concentration of 10 cells gl-1 
are unable to meet the energetic requirement for larval 
development. This algal cell concentration is insufficient to 
condition culture water. The metabolic secretions produced by 
this concentration of live algae are not effective in 
stimulating larval development. Yet 10 cells 41-1 of 
homogenised microalgae (R. baltica + T. chuii) as a supplement 
to microencapsulated feeds gave larval growth and survival 
comparable to larval development achieved on live feed 
controls. 
it is believed (Greenberry and Thorndyke, 1989) that 
peptides which link amino acids to form proteins serve to 
124 
regulate the environment of digestive glands by enhancing 
digestive secretions. Chen and Lin (1989) demonstrated 
significant improvements in growth of P. monodon postlarvae fed 
compounded diets containing exogenous digestive enzymes. It is 
possible that peptides in microalgae may enhance digestive 
efficiency of larvae, resulting in increased growth increments 
and larval survival. Freezing of algal homogenates do not 
alter or denature the activity of homogenised algae. 
Section 5 demonstrates for the first time that P. monodon 
larvae obtained from a single spawning can be successfully 
weaned through metamorphosis from protozoea (PZ1) to juvenile 
prawns solely on artificial feeds. Although larval survival 
was low at the end of the experiment,, larval growth remained 
comparable between groups fed on artificial feeds and natural 
diets, with no significant difference appearing even at the end 
of 18 weeks. 
It is concluded that the microencapsulated diets used in 
present work are capable of sustaining P. monodon throughout 
larval, postlarval. and a substantial part of juvenile life in 
the absence of any other obvious source of nutrition. As such 
artificial diets form an ideal basis for further research into 
optimal nutritional requirements of penaeid prawns. 
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A Comparison of the Stability of Some Artificial 
Feeds Used in Penaeid lArval Culture 
S. AMJAD AND D. A. JONES, School of Ocean 
Sciences, University College North Wales, Bangor, 
Menai Bridge, Gwynedd, North Wales, U. K. 
Artificial penaeid larval feeds curTently are usually in the 
form of microcapsules or microparticulates designed to stabi- 
lise the dietary components and prevent loss by leaching 
which leads to fouling of the culture water. There is now 
information as to the size of particles ingested by the larval 
stages of at least some penaeid species and feed levels re- 
quired for successful culture. 
A range of commercial artificial larval feeds have been 
investigated to evaluate their physical characteristics under 
actual culture conditions. Stability was measured as the 
change in particle size range in aerated sea water at 28 *C over 
24 h, together with the loss in weight due to leaching of 
soluble components of the diet. Estimates of bacterial growth 
in the culture medium were made together with changes in 
pH, ammonia and nitrite levels. Each feed was used to cul- 
ture Penaeus monodon larvae following manufacturers in- 
structions. Results indicate that the composition of most arti- 
ficial feeds' alters dramatically within a few hours of 
immersion, causing significant changes both to food particle 
size and to the culture water environment. 
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Abstract 
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Role of Algae in Conditioning Water Quality for Pen- 
aeid Larval Culture. 
S. AmJAD AND D. A. JONES, School of Ocean 
Sciences, University College North Wales, Bangor, 
Afenai Bridge, Gwynedd, North Wales, U. K. 
Recently it has been demonstrated that modification of the 
4green water' larval culture system (Ling, 1969) for Macro- 
brachium allows the production of post larvae without any 
water change, despite7 extensive use of artificial feeds (Ang 
and Cheah, 1986). Increases in the levels of toxic metabolites 
such as ammonia and nitrite are also common in penaeid 
larval culture, especially where excessive amounts of artificial 
feeds are employed. 
Present work examines the use of marine algae as'biologi- 
cal filter' systems to control levels of ammonia and nitrite in 
Penaeus monodon larval culture using artificial feeds. Prelim- 
inary results indicate that toxic metabolite levels may be 
regulated by manipulation of algal cell and artificial feed 
concentrations. The use of different levels of illumination 
provides an additional in- direct mechanism for controlling 
concentrations of these metabolites in cultures containing 
algae. 
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KEMAJUANDALAM PEMAKANAN LARVA PENAEID 
olch 
Amjad, S., K. Chitravadivelu and D. A. Jones 
School of Ocean Sciences 
University College Bangor 
Menai Bridge, Gwynedd, N. Wales, LL59 5EY 
United Kingdom 
ABSTRAK 
Prestasi diet larva buatan yang terkemuka telah dinilai dalarn keadaan tcrkaýýal 
dengan menggunakan larva Penaeus monouon (Fab. ). Saiz zarah, kadar larut lesap clan 
kanclungan pomakanan kasar telah dikaji bersama-sama dengan faktor mutu air seperti 
NI-13 clan N02. Analisis statistik keatas data kajian menunjukkan kaitan yang kuat diantara pertumbuhan/kemandirian clan kestabilan diet (kchilangan larut Icsap/penccmaran 
air). Kandungan pemakanan clan saiz zarah kelihatan kurang berpengaruh untuk mcng- 
akibatkan pertumbuhan clan kemandirian yang renclah, tetapi kedua-dua faktor ini masill 
dianggap pcnting. Kckurangan dalam kchilangan larut lesap tclah membcnarkan pecuba, 111 
yang rutin terhadap kultur P. monodon schingga keperingkat pascalarva dengan kadar 
kemandirian yang tinggi yang hanya begantung kepada diet buatan, tetapi pertumbuhan 
biasanya kurang daripada yang dicapai dcngan makanan hidup. Penyclidikan tcrbaru 
menunjukkan kc1cmahan ini bolch diatasi dengan mcmasukkan faktor aktif yang diambil 
daripada makanan hidup ke dalam diet buatan. 
ADVANCES IN PENAEID LARVAL FEED 
by 
Anijad, S., K. Chitravadivelu and D. A. Jones 
School of Ocean Sciences 
University College Bangor 
Menai Bridge, Gwynedd, N. Wales, LL59 5EY 
United Kingdom 
ABSTRACT 
The performance of leading types of artificial larval diets has been evaluated under 
controlled conditions with Penaeus monodon (Fab. ) larvae. Particle size, [each rate and 
gross nutritional content were measured together with water quality factors such as 
NI-13 and N02 - Statistical analysis of results reveals a strong correlation 
between growth/ 
survival and diet stability (leach loss/water pollution). Nutritional content and particle 
size appear less influential in causing poor growth and suvival, although they remain 
important factors. 
Reduction in leach loss has allowed routine experimental culture of A 177onodoll to 
postlarval stages with high survival rates solely on artificial 
diets, but growth has usu,. Ilk 
been less than that achieved on live feeds. Recent research indicates that this may bc 
corrected by the inclusion of active 
factors, taken from livefeeds, in the diets. 
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152. Penaeus monodon: Nauplius to Juvenile on the 
Same Artificial Diet, 
K. KURMALY, S. AMJAD, AND D. A. JONES, 
School of Ocean Sciences, University College of 
North Wales, Menai Bridge, Gwynedd LL59 
5EY, U. K. 
Penaeus monodon larvae have been successfully reared 
using microencapsulated diets (Frippak Feeds) from late 
nauplius stage VI to earlyjuvenile stages with an average 
survival of 60%. Development and grow1h were depen- 
dent on- capsule size and feed concentration. 
